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ABSTRACT
GIS for Source Water Assessment and Nonpoint Source Modeling in the
Las Vegas Valley
by
Marcelo Reginato
Dr. Thomas C. Plechota, Examination Committee Chair 
Assistant Professor, Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
This thesis develops a better understanding of issues related to surface water 
contamination and protection of drinking water sources in the Las Vegas Valley.
A Geographic Information System (GIS) was used to identify source water 
protection zones and to estimate nonpoint source loads for the entire watershed.
The extent of the source water protection zones is represented by the valley's 
dry weather flows. After source water protection zones were defined, field work 
and GIS defined the potential contaminant sources and land uses within the 
protection zones.
The GIS nonpoint source model shows that roads account for approximately 
25% of the Total Nitrogen and 18% of the Total Phosphorus from nonpoint 
sources. Analysis suggest that a disproportionately high amount of nutrient loads 
have their origin within the source water protection zones. Approximately 10 to 7 
percent of nutrient loads originate in the 5% of the total watershed area 
represented by protection zones.
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CHAPTER 1 
INTRODUCTION
1.1. Research Problem 
The protection of water resources is a concern for the health of the public, 
securing a safe drinking water supply, and maintaining a strong economy. The 
Safe Drinking Water Act of 1974 is the national law meant to protect public health 
by regulating drinking water supplies (USEPA, 1999). The 1996 amendment to 
the Act created the Source Water Assessment Program (SWAP) with an 
objective to evaluate potential sources of contamination to drinking water intakes. 
USEPA (1997) recommended the delineation of source water protection areas, 
which are defined as areas upstream of the intake that may contribute to surface 
water contamination.
Contamination to surface waters can be from point and nonpoint sources. 
Point sources are those with well defined locations, such as a waste water 
treatment plant discharge to a river. Nonpoint sources of contamination are 
pollutants that accumulate on land surfaces and are washed off to storm water 
systems during rainfall events. These types of pollutants are spread out in a 
watershed, as agricultural runoff, urban runoff, and atmospheric fallout. Point 
source loads are easily quantified and controlled; however, nonpoint source
1
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runoff originates from diffuse sources. In many watersheds, nonpoint source 
runoff is measured at the outlet of basins providing a broad measure of the 
pollutants. However these measurements do not provide information on what 
types of pollutants come from specific land surfaces. Therefore, the use of a 
model for estimating loads from nonpoint sources is desirable for identifying 
pollutant loads from specific land surfaces.
Nonpoint source pollution and source water protection areas are important 
issues for watershed management. In the Las Vegas Valley, Nevada, watershed, 
algal blooms and eutrophication are closely related to nutrient loads from point 
and nonpoint sources (Sigua et al., 2000; Algae Task Force, 2001).
This thesis will develop a better understanding of issues related to surface 
water contamination due to rapid urbanization in the Las Vegas Valley. A 
Geographic Information System (GIS) is first used to identify source water 
protection zones based on field data and surface characteristics. Then, a GIS- 
based nonpoint source runoff model is developed for the entire watershed.
1.2. Source Water Protection Program (SWAP)
Source water comprises all the water resources in a system that can be 
converted to drinking water, including surface and ground water (USEPA,
2002a). As part of the SWAP, every state is required to assess the vulnerability 
of their source waters to surface and subsurface contamination. The topics that 
are required in the SWAP for each state are (USEPA, 1997a):
• Delineation of source water protection areas
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
• A contamination inventory within source water protection areas
• A determination of the drinking water intake susceptibility to 
contaminant sources the source water protection areas
• A description of how each assessment will protect and benefit the 
public water system
This thesis will focus on the delineation of source water protection areas and 
the contamination inventory within the delineated areas. There is no one method 
for determining source water protection areas, but it is logical to use information 
such as watershed topography, likelihood of pollutants entering water bodies, 
and time of travel for pollutants to reach the source water.
1.3. Importance of Nonpoint Source Runoff
Rapid urban growth in Las Vegas during the past four decades has greatly 
increased the size of urban areas and basin imperviousness. The most common 
water resource problems due to land use change are increases in runoff and 
pollutant loads. In Las Vegas, there is a concern about the nonpoint source 
nutrient loads. From time to time the region experiences algal blooms in its main 
source of drinking water. Lake Mead, and nonpoint sources are listed as one of 
the possible causes of the problem (Algae Task Force, 2001).
An approach to the reduction of nonpoint source pollution is the use of Best 
Management Practices (BMP’s) such as detention basins, filter strips, and public 
education. A quantitative analysis of nonpoint source runoff is first necessary to 
better understand the contributing factors. A Geographic Information System
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(GIS) is a powerful tool for quantifying nonpoint source runoff and identifying 
possibly mitigation strategies. Several nonpoint source pollution models are 
available; however, the complexity of the models depends on factors such as 
availability of data, knowledge of model parameters, and desirable level of spatial 
and temporal detail. After selecting a model and obtaining results, it is critical to 
assess the uncertainties and the limitations of the model. This thesis will develop 
a GIS-based nonpoint source model for nutrient loads from the Las Vegas Valley 
watershed, and evaluate the uncertainties in the model parameters.
1.4. Research Questions 
The overall goal of this thesis is to develop a better understanding of the issues 
associated with source water protection areas and nonpoint source runoff. More 
specifically, the following research questions will be addressed:
• What is a reasonable source water protection area for the drinking 
water intake that serves the Las Vegas Valley?
• What are the number of potential sources of contamination and the 
land use areas within the source water protection zones?
• What are the nutrient load contributions from nonpoint source runoff in 
a rapidly urbanizing area such as Las Vegas?
• How do the pollutant loads in a semiarid region such as Las Vegas 
compare to other regions of the United States?
• What are the uncertainties related to nonpoint source runoff modeling?
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1.5. Presentation of this Research 
This thesis will be presented in seven chapters. Chapter 2 is a literature 
review that presents background about the Las Vegas watershed characteristics, 
the Clean Water Act, the SWAP program, and nonpoint source pollution. Chapter 
3 describes the data used in the SWAP and for modeling nonpoint source runoff. 
Chapter 4 summarizes the approach used in Las Vegas for identifying source 
water protection zones. Chapter 5 summarizes the development of a GIS model 
for obtaining annual and monthly nonpoint pollutant loads from the Las Vegas 
Valley. Chapter 6 summarizes the results of the GIS model. Lastly, conclusions 
and recommendations are presented in Chapter 7.
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CHAPTER 2
BACKGROUND AND LITERATURE REVIEW
2.1. Water Resources for Southern Nevada
2.1.1 Colorado River 
The paramount water source for the southwest U.S. is the Colorado River. Its 
waters, coming from snowmelt in the Rocky Mountains and Wasatsh mountains 
of Utah, have a major importance in southwestern development.
The Colorado River watershed is divided into two major basins, the “Lower” 
and the “Upper” (Figure 2-1). The division point of the watershed is located at 
Lee’s Ferry gages station, Arizona, close to where the river crosses the Arizona- 
Utah border. The Upper Basin covers parts of Mexico, New Mexico, Utah, 
Wyoming, and parts of Arizona. The Lower Basin covers parts of New Mexico, 
California, Nevada, and most of Arizona. It is among these states that Colorado 
River waters are divided.
The Colorado River waters are divided according to a set of interstate 
compacts, international treaties, statutes, and regulations called the “Law of the 
River” (MacDonnell et al., 1995). The Colorado River Compact is one of the Law 
of the River components; according to this compact, each of the two basins 
(Lower and Upper) has an exclusive “beneficial consumptive use” of half (7.5) of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the 15 million acre-feet per year (MAFY), with an additional one MARY for Mexico 
in the Lower watershed (MacDonnell et al., 1995).
Soutf Dakota
Idaho
e k a s k a
Lee’s Ferry
Neva Cmorado
•^ fS i d o  R fvtfr
Lower Basin
A iz o n a <lew MexicoCalifornia
Colorado River Basin
 Rivers
I I Colorado R iver Basin
I I Mexico
I I US States
Figure 2-1 Boundaries of the Upper and the Lower Colorado River Basins.
MacDonnell et al. (1995) discussed water allocation problems that might be 
raised in a severe-sustained drought and emphasized that the Law of the River is
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not well suited to deal with that kind of issue. Table 2-1 shows the division of 
water according to the Colorado River Water Users Association (CRWUA, 2002).
Table 2-1 Allotment of Colorado River Water (CRWUA, 2002).
State
Water Allotment in Million Acre 
Feet per Year (MAFY)
Arizona 2.8
California 4.4
Colorado 3.9
Nevada 0.3
New Mexico 0.8
Utah 1.7
Wyoming 1.1
Lake Mead is the main source of water for Southern Nevada. It stores up to 
26 million-acre feet of water (SNWA, 2002) made possible due to Hoover Dam’s 
completion in 1936. However, not all Lake Mead’s water belongs to Nevada. In 
1964, under the Supreme Court Decree in Arizona v. California, Nevada received 
a “consumptive use" apportionment of 0.3 MAFY of Colorado River water.
Arizona and California are allowed to divert 2.8 and 4.4 MAFY respectively 
(SNWA, 1999; CRWUA, 2002). Nevada’s consumptive use accounts for 
diversion minus return flows; thus diversion is equal to consumptive use plus 
return flows (Equation 1-1).
D = C + R (1-1)
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Where D is the Diversion or the amount that can be taken from Lake Mead. C is 
the consumptive use (0.3 MAFY) and R is the return flow that accounts for all 
waste water plant treatment effluents released to the Las Vegas Wash and Lake 
Mead.
The discharges from the three waste water treatment facilities are responsible 
for almost all the flow of the wash (Stave, 2001); therefore, almost all its 153 
million gallons (0.17 MAFY) that flow per day (LVWCC, 2002), can be added as 
return flow (R) to the original consumptive use (C) of 0.3 MAFY, increasing the 
diversion amount (D). This permits Nevada to withdraw more water than the 
original 0.3 MAFY as long as it does not exceed the estimated maximum of 0.48 
MAFY (Morris et al., 1997).
2.1.2 Other Water Resources
Besides Colorado River apportionment, Nevada relies on short and long term 
water resources. According to the Southern Nevada Water Authority (SNWA) 
Water Resource Plan (SNWA, 1999) short term water resources are as follows:
• Surplus Colorado River water
• Unused Arizona Colorado River apportionment
• Colorado River water as part of the Arizona Demonstration Project
• Colorado River water recharged in Southern Nevada’s Groundwater 
Bank
The long term water resources described in the water resource plan are the 
following:
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• Groundwater
• Nevada’s basic Colorado River apportionment, which has been 
acquired by SNWA and its purveyor members through various 
contracts
• Retreated waste water that is reused by power plants, golf courses, 
parks and other outdoor irrigation
• Unused non-SNWA Nevada Colorado River apportionment
• Las Vegas Valley shallow aquifer
• Coyote Springs groundwater rights
2.1.3 Drinking Water Intake 
The drinking water intake for Southern Nevada is located at Lake Mead’s 
Saddle Island (Figure 2-2). Another drinking water intake (Lake Mead intake 
number 2) will become operational in 2002 (SNWA, 2002). Even though the main 
intake is located more than seven miles downstream from the Las Vegas Wash 
and 150 feet below the Lake’s water surface (SNWA, 2002), source water 
contamination by pollutants present in the Las Vegas Wash is a concern. The 
Saddle Island intake is responsible for almost 90% of the Las Vegas drinking 
water (SNWA, 2002); hence, intake contamination can compromise the water for 
thousands of inhabitants in Southern Nevada.
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Figure 2-2 An overview of the Las Vegas Valley watershed, subwatershed
boundaries, and the proximity to Lake Mead and the drinking water intake 
point. The subwatersheds are the following: C l (01 Channel), PIT 
(Pittman Wash), DUC (Duck Creek), FLA (Flamingo/Tropicana Wash), 
LOW (Lower Las Vegas Wash), CEN (Central Basin), GOW (Gowan 
Basin), RAN (Range Wash), and NOR (North Basin).
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2.2. Watershed Characteristics
2.2.1 General
The Las Vegas Valley watershed is located in Clark County, Nevada and has 
a Valley floor elevation of approximately 2,000 feet (WRCC, 2002). To the west, 
the watershed is bordered by the West Spring Mountains, which ranges from 
8000 to 11,000 feet, and to the north by the Ground Gunnery Range, with peak 
elevations of approximately 7,000 feet. The watershed area is approximately 
1,520 square miles; its washes and storm channels drain first to the Las Vegas 
Wash and then to Lake Mead (Figure 2-2). Most of the storm drains and 
channels within the valley are either dry or low flows; however, some washes that 
used to be ephemeral have become perennial streams (Figure 2-3). One of 
primary sources for these perennial flows appears to be overirrigation of 
ornamental landscaping and turf (Mizell & French, 1995).
«
1 '  "  l>— f  àm
Figure 2-3 Typical storm channel during dry weather period. (Range Wash at 
Charleston).
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2.2.2 Demographics 
Las Vegas is currently the fastest growing large metropolitan region in the 
U.S. (Gottdienet et al., 1999). Figure 2-4 shows the regional growth profile using 
data from Gottdienet et al. (1999), Cronin (1998) and U.S. Census (2000). The 
population growth rate is higher in Clark County then in the City of Las Vegas. 
This represents urban areas that are outside the Las Vegas city limits but still in 
Clark County.
Population Growth
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   Clark County Population total
  City of Las Vegas Population
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Year
Figure 2-4 City of Las Vegas and Clark County’s population growth
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The communities of Boulder City, Enterprise, Henderson, Las Vegas, North 
Las Vegas, Paradise Spring Valley, Summerlin South, Sunrise Manor, Whitney, 
and Winchester have grown faster than the City of Las Vegas. Population for the 
Las Vegas Valley is approximately 1.3 million (Census, 2000). This number 
represents more than 95% of Clark County’s population and more than 65% of 
the state’s population (Table 2-2).
Table 2-2 Population data for Nevada and Southern Nevada, Source: U.S. 
Census Bureau, Census 2000.
Location Population in 2000
Las Vegas Vailey 1,316,387
Clark County 1,375,765
Nevada 1,998,257
Table 2-3 Relative rate of urban expansions based on remote sensing data. 
Data from 10 U.S. urban/suburban areas from Zhan et al. (2000).
Urban area Name 1 9 7 0 S -1 9 8 0 S 1 9 8 0 S -1 9 9 0 S
Las Vegas, NV 93% 37%
Dallas, TX 40% 15%
Boulder-Denver, CO 24% 4%
Oklahoma, OK 19% 19%
San Antonio, TX 15% 6%
Minneapolis, MN 15% 4%
Portland, OR 14% 4%
Phoenix, AZ 9% 5%
Tacoma, WA 8% 7%
Washington, DC 5% 3%
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Zhan et al. (2000) presented data (Table 2-3) comparing urban expansion for 
ten U.S. areas, based on remote sensing data. Las Vegas is on top of the list, 
with a residential area increase of 93% between 1973 and 1986 and 37% 
between 1986 and 1991.
2.2.3 Climate
Deserts and semiarid regions such as Las Vegas and the Southwest U.S. 
exist primarily due to global air mass circulation. Hot and humid air masses 
ascend from the equator toward the south and north poles, on their descent 
those masses are initially cold and dry, but become warm due to increasing 
atmospheric pressure (Eigel, 1998). Located in an area that receives these dry 
air masses (36° 02’ Latitude), the Las Vegas region is classified as a desert. The 
climate of the Las Vegas Valley is characterized by high temperatures during the 
summer (Table 2-4) with relatively low humidity values (11 to 34%) and an 
average yearly rainfall of 4.13 inches (WRCC, 2002).
Table 2-4 Summary of Las Vegas temperature and precipitation. Data 
obtained from Western Regional Climate Center (WRCC, 2002).
Season
AverageTemperature Precipitation (inches)
Minimum Maximum Minimum Maximum
Summer 68° 106° 0 2.59
Fall 43° 95° 0 1.58
Winter 33° 63° 0 3
Spring 44° 88° 0 4.8
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Figure 2-5 Average annual precipitation (inches) from 1961 to 1990, PRISM 
data (Daly, 1994, 1997).
Griffiths and Driscooll (1982) provide criteria to define whether a region can 
be considered a desert. Desert climates have low relative humidity, with annual 
potential évapotranspiration exceeding precipitation. Even though precipitation is 
low, there is a large amount of variability with rainfall rates varying from 0 to 4
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inches in a typical rainstorm. Furthermore, there is high variability in the spatial 
distribution, particularly in the summer due to convective precipitation. The same 
climate characteristics are found in the Las Vegas Valley and in many parts of 
the arid southwest United States.
Figure 2-5 shows how arid this part of the country is by presenting average 
annual precipitation data based on “Parameter-Elevation Regressions on 
Independent Slopes Model” (PRISM) average annual precipitation data from 
1961-90 (Daly, 1994, 1997). The driest regions are located in Southern California 
and Southern Nevada, with average annual values from 2 to 4 inches.
2.2.4 Subwatersheds 
The Las Vegas Valley watershed is divided into nine major subwatersheds 
(see Figure 2-6). Las Vegas Valley subwatershed delineation was prepared by 
PBS&J and provided to the Clark County Regional Flood Control District 
(CCRCFD) with the 1996 master plan update (GISMO, 2002). Figure 2-6 
presents the following subwatersheds: C l Channel (C l), Pittman Wash (PIT), 
Duck Creek (DUC), Flamingo/Tropicana Wash (FLA), Lower Las Vegas Wash 
(LOW), Central Basin (CEN), Gowan Basin (GOW), Range Wash (RAN), and 
North Basin (NOR). These designations will be used in other sections of this 
thesis.
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Figure 2-6 The nine major subwatersheds in the Las Vegas Valley watershed.
The entire watershed drains first to the Las Vegas Wash and then to Lake Mead 
— the main source of drinking water for the Southern Nevada. Approximately
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85% of the watershed is undeveloped natural desert; however, some areas are 
highly developed. Each major subwatershed Is divided Into smaller watersheds 
as shown for the Flamlngo/Toplcana Wash (FLA) subwatershed In Figure 2-7.
Legend
 Storm Channels
m i  Detention Basins 
I • Flamingo/Tropicana subwatershed 
  streets
0 1.25 2,5 7,5 10
Figure 2-7 Subwatersheds In the Flamingo/Tropicana Wash watershed. A 
large portion of the subwatershed Is located In an urban area where 
“square” shaped catchments are found due to development.
Most of the subwatersheds are undeveloped, with the exception of Gowan, 
Central, and Lower Las Vegas Wash basins. Figure 2-8 Is an example of the 
developed regions In a subwatershed.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
2.2.5 Soil Types
Runoff amounts and nonpoint source pollutant loads are closely related to soil 
type and to land use categories. Each soil type and land use has Its own runoff 
and pollutant load characteristics. Based on each land use, a model estimates 
the runoff amount and the pollutant load after a storm event, or on a monthly and 
annual basis.
Urban subwatesheds 
whithin the Flamingo/Tropicana watershed
Enlarged Area
0 0.25 0.5 ^ 1.5 2
Figure 2-8 Downstream area of Flamlngo/Troplcana subwatershed as an 
example of high-developed regions and urban watersheds.
The 1985 “Soil Survey of Las Vegas Valley Area Nevada” (USDA, 1985) Is a 
comprehensive soil study for the region compiled by the U.S. Department of
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Agriculture. For the analysis performed in this thesis, the hydrologie soil groups, 
determined by the SCS, were used to classify soils. The hydrologie soil groups 
are based on their infiltration rates, from high (soil A) to low (soil D) (Rawls et al., 
1993).
58%
19%
17%
9 A
□  B
□  D
Figure 2-9 Hydrologie Soil Groups within the Las Vegas Valley
A large portion of the watershed (58%) is covered by the hydrologie soil group 
D (Figure 2-9), which has a very slow infiltration rate and high runoff potential 
(USDA, 1985). Figure 2-10 displays the spatial distribution of the hydrologie soil 
groups within the Las Vegas Valley and the watershed boundary. The soils with 
lower infiltration rates than group D are located in the valley floor of the 
watershed Las Vegas Valley, and follow the natural drainage pathways to the 
watershed outlet. Hydrologie soil groups are not always recommended for 
detailed hydrologie analysis where it is important to determine infiltration rates.
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Figure 2-10 Subwatersheds boundaries and Hydrologie Soil Groups 
based on data from GISMO and the U.S. Department of Agriculture.
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Wood and Blackburn (1984) caution the use of hydrological soil groups for 
arid and semi-arid rangeland regions. The authors state that hydrologie soil 
groups should be modified, or even abandoned, considering that hydrologie soil 
groups are based on assumptions that are not always applicable to arid and 
semi-arid rangelands.
In a literature review of nonpoint source runoff. Line et al. (1996) summarized 
the importance of land use and soil type. Statistical analysis in select watersheds 
showed that land use can account for more than one third of the observed 
variations in nitrates, phosphates, and chemical oxygen demand concentrations 
in surface water (Sekhar & Raj, 1995). Abrams and Jarrel (1995) reported that 
native soil phosphorus levels can be a potentially significant source of nonpoint 
pollution. Moreover, fine soil aggregates (<0.1 mm) contain a high amount of total 
and organic phosphorus (He et al., 1995).
Salomons and Stol (1995) described soils and sediments as a high storage 
capacity media for contaminants. Sometimes, an excessive accumulation of 
contaminants can be suddenly released into surface and ground water; a 
phenomenon termed “Chemical Time Bomb” (Stigliani et al., 1991; Salomons, 
1993; Stigliani & Salomons, 1993).
2.2.6 Land Use
It is assumed that different iand use types have different pollutant load 
profiles; for instance, the common use of fertilizers in golf courses usually results 
in high nutrient loads. Several reports describe Las Vegas Valley urban
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expansion (Zhan et al., 2000; Gottdienet at al., 1999; Acevedo and Masuoka, 
1997; Morris et al., 1997); however, there is a lack of detail on changes in 
specific land uses.
Table 2-5 Land uses for the 1995 Las Vegas Valley watershed (MWH, 2001).
Land Use
Land use code used 
in this Thesis Area (mi2) Watershed(%)
Highways/Roads ROA 4 0.3
Commercial COM 25 1.6
industrial IND 13 0.8
Public Land PUB 12 0.8
Residential RES 100 6.5
Parks/Golf Courses PAR 9 0.6
Undeveloped/Natural Desert UNO 1371 89.3
The Las Vegas Valley NPDES report (MWH, 2001) identified land use 
percentages within the valley for modeling purposes. Table 2-5 presents the land 
use data that will be used in other sections of this thesis. As shown in Table 2-5, 
urban development in 1995 covered approximately 11% of the watershed. Since 
then, the city has grown, and land use has changed. The MWH (2001) NPDES 
report suggests that more updated land use data should be used for modeling 
nonpoint source runoff. Chapter 3 of this thesis presents 2001 land use data for 
Clark County that will be used for modeling nonpoint source runoff. Once 
relationships are established between land use and pollutant loads, models can 
evaluate pollutant loads with different land cover scenarios, acting as a guide for 
new land development. Several land use change models are available; the EPA
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publication Projecting Land-use Changing (USEPA, 2000) gives detailed 
information about different models, and which ones apply to different regions.
2.2.7 Flood Control Facilities 
Topographic conditions, soil characteristics, and desert rainfall variability can 
result in serious floods in the Las Vegas Valley. Urbanization also contributes to 
sporadic flooding. In urban areas, the rainfall water that would normally result in 
overland flow concentrates into swales, open channels, and storm drains. All 
these structures accelerate the flow; thus local floods can occur in a matter of 
minutes instead of hours or days (Urbonas & Roesner, 1993).
Since 1960, the Las Vegas Valley has experienced at least nine "million dollar 
floods," and 26 lives have been lost (CCRFCD, 2002). Being aware of this 
problem, the Clark County Flood Control District has planned 97 detention basins 
in the Las Vegas Valley watershed to mitigate flood effects (GISMO, 2002). The 
status, as of June 2002, of constructing the 97 basins is as follows:
• 57 are constructed
• 2 are under construction
• 17 are included in the first five years of the ten-year program
• 14 are under the second five years of the ten-year program
• 21 are proposed facilities and will not be built within the next 10 years
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Clark County also relies on stormwater channels (lined and unlined) to control 
floods. Both the storm channels and detention basins in the Clark County Master 
Plan of Drainage are shown in Figure 2-11.
Las V e g a s  W a s h
r  ^  /
Las V egas W atershed ,
STATUS
Existing D e l. Basins  
M ajor Roads D 2 4 8 12 16
Miles
S torm  C hanne ls
Figure 2-11 Las Vegas Valley detention basins and storm channels
It is noteworthy, that channelization can be effective as a flood control 
structural measure; however, sometimes it can result in downstream flooding. 
Shankman and Samson (1991) refer to several investigations indicating that 
straightening and increasing channel gradient results in high velocity and high 
peak flows that cause downstream flooding. This fact has been demonstrated in 
many locations along the Mississippi River.
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2.3. Clean Water Act and the Source Water Protection Program 
The EPA defines source water as all water from rivers, streams, underground 
aquifers, and lakes, that can be used to supply drinking water needs (USEPA, 
2001). The Safe Drinking Water Act of 1974 (SDWA) concerns itself with public 
health and originally focused on water treatment to provide safe tap water to the 
public (USEPA, 1999a). The 1996 amendment to the SDWA required 
communities to delineate source water protection areas and provide funding for 
water system improvements, operator training, and public information (USEPA, 
1999). The Source Water Assessment Program (SWAP) was created under the 
1996 amendment with an overall goal to protect drinking water supplies by 
performing source water assessments. Trax (1999) provides an overview of the 
SWAP program and suggests necessary steps to implement the program In a 
watershed:
1. Form a committee to develop a plan
2. Delineate the area, watershed, or groundwater recharge region
3. Inventory potential sources of contamination
4. Develop a management plan to control identified sources of pollution
5. Plan for contingencies
Under the SWAP, each state defined its own approach to assess source 
water and the assessment plan had to be approved by the EPA. By the 
beginning of 2002, all state proposals had been submitted and approved 
(http://www.epa.gov/safewater/swapmap.html).
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The delineation of source water protection areas is one area of research 
presented in this thesis. The following are descriptions of delineation methods 
currently used in SWAP programs.
2.3.1 Delineation Methods
The EPA report “State Methods for Delineating Source Water Protection 
Areas for Surface Water Supplied Sources of Drinking Water” (USEPA, 1997b) 
summarizes the methods used to delineate source water protection areas (Figure 
2-12). The main methods are the following:
• Topographic boundary
• Setback/Buffer Zones
• Time of travel (TOT)
In the topographic method, all the area that contributes to the intake point is 
considered the protection area. The method is conservative and identifies the 
entire watershed as potentially impacting the water intake point.
Setback/Buffer Zones are regions meant to filter overland flow and to reduce 
adverse impacts of stormwater runoff to water bodies. Setting buffer zones 
around water bodies is the most common way to prevent major surface water 
contamination; however, uncertainties exist about their size and efficiency. 
Castelle et al. (1994) state that buffer sizes are usually established by political 
acceptability and not by scientific data. In the same article, the author also 
developed four criteria to determine the adequate buffer size for water bodies:
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Water resource functional value (e.g., recreational, drinking water 
source, environmental)
Characteristic of adjacent land use (e.g., type, density)
Buffer Zone characteristics (e.g., vegetated, size, land use) 
Specific buffer functions required (e.g., removal of heavy metals)
Watershed
Boî dary'
Timé of Travel
Buffer Zone
Intake Point
Figure 2-12 Conceptual model of the three different approaches to define 
source water protection areas.
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Castelle et al. (1994) discussed the size of vegetated buffers, and the 
sediment, nutrient, and heavy metal removal capacity. It was noted that it is 
difficult to implement vegetated buffer zones in urban areas due to land 
constraints. Despite this problem, the criteria are useful to determine buffer 
importance. Castelle et al. (1994) also recommend a minimum value of 15 to 30 
meters (49 to 98 feet) to protect wetlands and streams from runoff pollutants.
Other studies define what would be the appropriate buffer size based on 
technical approaches. Griner (1993) used Geographic information Systems (GIS) 
to delineate setbacks/buffers in Florida and identified protection zones for surface 
and ground water based on algorithms. For surface water delineation, the 
method used an algorithm based on direct runoff reaching an intake point.
Another algorithm defined buffer length and buffer width, based on watershed 
area and length of streams and tributaries. Griner (1993) stresses the advantage 
of GIS for Integrating various map layers and databases.
Time of travel (TOT) of pollutants is another way to define source water 
protection areas. The method is based on the time it takes the pollutant traveling 
through the stream to reach the intake point (USEPA, 1997a). The method is 
useful for emergency-response activities, like an oil spill In a water body. Whipple 
(1993) consider the time of travel an appropriate method to identify areas where 
the risk of contamination is high. The authors also suggest a formula to roughly 
estimate a distance that a pollutant will travel within a fixed time period. The 
formula was derived from Boning’s (1974) time of travel equation, and for a five 
hour time period, the equivalent length (L) is determined as:
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L = 0.5474Q°-^S°-^ (2-2)
Where L is the distance in kilometers; Q is the mean annual discharge (liters/sec) 
and S is the slope (m/m).
The change in water quality during a five hours time period is comparable to 
the vegetated buffer strip effect on runoff pollutants (Whipple, 1993). Both 
provide water quality improvement on runoff.
Another method to estimate TOT is the use of conservative dye in a stream. 
Verstraeten et al. (1999) studied the efficiency of the conservative tracer in a 
stream to estimate pollutants TOT. In the study, the dye observations were 
compared with results from empirical equations. Differences between observed 
data and empirical equations were less than 15%. The importance of tributary 
flows on TOT estimations were also discussed. The study concludes that for 
flows of 584 to 162 m^/s it would take 8.2 to 13.2 hours for the leading edge of a 
conservative tracer to travel approximately 10.9 km.
Besides the three methods above described (Topographic, Buffer, and TOT), 
EPA also suggests modeling as a way to efficiently delineate source water 
protection areas. Models can be used to assess the different impacts of land 
management strategies, quantify nonpoint sources, evaluate different urban 
runoff scenarios, and assess the impacts of various point and nonpoint source 
releases (USEPA, 1997). The model presented in this thesis will make estimates
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of nonpoint source loads for the Las Vegas Valley within the source water 
protection areas.
2.3.2 Nevada’s Source Water Assessment Program 
The SWAP document for Nevada (BHPS, 1999) was approved by USEPA, 
and Nevada has three years to implement the program. In Nevada’s SWAP 
document, the state chose first to identify the watershed upstream from the 
intake points and after that to segment the watershed into two zones, A and B. 
The state set minimums for both zones; however, protection area sizes can 
differ, depending on watershed characteristics.
Zone A is a minimum buffer zone of 500 feet from reservoir, lake, river, and 
stream shores; the zone extends to a minimum distance of 10 miles upstream 
from the drinking water intake or the state boundary. Within Zone A, potential 
point contaminants to the water system will be inventoried (BHPS, 1999). Zone B 
extends an additional 3000 feet from the boundaries of Zone A, and it contains 
available land use or zoning information (BHPS, 1999). In Chapter 4, a revised 
criteria is developed for establishing the limits of Zone A and B.
2.4. Nonpoint Source Runoff 
Nonpoint source runoff accounts for pollutants that accumulate during dry 
weather periods on land surfaces and are transported In wet weather, due to 
runoff from snowmelt or rainfall. Nonpoint sources originate from diffuse land
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areas, and can contribute to pollution of groundwater and surface water bodies 
(Line et al., 1999).
Wanielista and Yousef (1992) define nonpoint sources as atmospheric fallout, 
residual chemicals, and sediments that release pollutants to the water body over 
longer periods of time. Among these kinds of pollutants, the most common are: 
pesticides, fertilizers, sediment (natural and urban sediment from construction 
sites), oil, grease, nutrients, bacteria, and atmospheric deposition 
(http://www.epa.gov/owow/nps/qa.html). Novotny (1995) developed a list of 
possible nonpoint sources. From this list, the sources applicable to the Las 
Vegas Valley are:
• Urban runoff from sewered smaller communities
• Urban runoff from un sewered urban areas
• Runoff from small and/or scattered (less than 2 hectares) construction
sites
• Wet and dry atmospheric deposition over a water surface (including 
acid rainfall)
• Flow from abandoned mines
• Activities on land that generates contaminants and wastes such as
recreational activities, construction sites, golf courses, and interurban 
transportation
Nonpoint sources were not perceived as a problem until the late 1960’s.
Since then, studies have identified that nonpoint sources account for more than 
50% of water quality problems (Novotny & Chesters, 1981). Agriculture is the
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most significant nonpoint source pollutant generator, with sediment being the 
most common pollutant in agricultural runoff (Lite et al., 1996).
Novotny (1995) also compares the differences of point and nonpoint sources 
in developed and developing countries. A major difference is that in the United 
States, point sources are regulated and permits are required for waste discharge 
into a water body. These regulations do not exist in many developing countries, 
where rural and urban sewage, land disturbance, and poor agricultural irrigation 
practices are the major nonpoint causes of water impairment (Duda, 1993).
2.4.1 Water Quality and Urban Runoff 
Over the past 30 years, U.S. water quality management has been driven 
by point source regulations and controlling measures. Guided by this paradigm, a 
significant water quality improvement was achieved; however, goals of “fishable 
and swimmable” water were not achieved (NAS, 2001). Novotny (1999) states 
that despite many local and national efforts, diffuse pollution from nonpoint 
sources still remain the major reason why many water bodies have not met water 
quality standards. Concerned about the nonpoint source problem, the ERA 
implemented the Total Maximum Daily Loads (TMDL) program so that water 
quality standards could be met through the control of point and nonpoint sources 
of pollution (NAS, 2001).
Novotny (1999) discusses the Clean Water Act requirements to control 
point and nonpoint sources; however, there are limited studies on watershed load 
estimations and load capacity of the receiving water bodies. In the same article.
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Novotny (1999) suggests that TMDL’s should address not only chemical pollution 
from point and nonpoint sources, but also consider risks from physical changes 
of watershed hydrology and streams, which can influence nonpoint contaminant 
loads, such as the channelization process previously referenced.
An existing concern in western U.S. regions is the water quality criteria 
developed under the Clean Water Act. The standards are not always adequate 
for arid and semiarid regions of the western U.S. (Eigel, 1998; Caraco, 2000). To 
better understand this problem, the Pima County Wastewater Management in 
Tucson, Arizona is funded by ERA to conduct a Water Quality Research Project 
(WQRR) and will define the optimum water criteria and standards to be used in 
arid/semi-arid regions (Eigel, 1998).
Lake eutrophication is a typical problem caused by excessive nutrients from 
nonpoint sources. The ERA publication “Results of the Nationwide Urban Runoff 
Program” (USERA, 1983) referenced as “the NURR study” reported nonpoint 
source pollution as being the major contributor to eutrophication due to excessive 
nutrients (Phosphorus and Nitrogen). Being susceptible to eutrophication, lakes 
require urban runoff control measures. From time to time. Lake Mead 
experiences an unusual algae bloom, such as the one that occurred in April 2001 
(Figure 2-13).
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Figure 2-13 Lake Mead Algae Bloom photo by John Gurzinski (Las Vegas 
Review Journal 2001).
The causes of this algal bloom are still being investigated; however, potential 
contributing factors include (Algae Task Force, 2001):
(1) Excess nutrients from urban areas transported during rainfall events
(2) Lower Lake levels
(3) Transfer of phosphorus from sediments in Las Vegas Bay
(4) Excessive phosphorus loads from treatment plants during the 
November -  February period when Total Maximum Daily Load (TMDL) 
limits do not apply
Although this algal bloom did not affect the water intake, it impaired the visual 
aspect of the lake, resulting in a negative impact on local recreational activities. 
Algae blooms can also cause unpleasant odors and taste to the water. Moreover,
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algae can release toxins into the water (Bingham, 1994), but this has not been 
reported in Lake Mead.
2.4.2 Best Management Practices (BMP’s)
The impacts of excessive storm water runoff and consequent water 
impairment are controlled by Best Management Practices (BMPs). According to 
federal code (Federal Regulations, 1976), BMP’s are defined as a means of 
practice, or combination of practices, that is determined by a state (or designated 
area-wide planning agency) after problem assessment, examination of 
alternative practices, and appropriate public participation to the most effective 
practicable (including technological, economic, and institutional considerations) 
means of preventing or reducing the amount of pollution generated by nonpoint 
sources to a level compatible with water quality goals.”
BMPs can be grouped into structural and nonstructural categories. Structural 
BMPs are constructed system including: detention ponds, retention basins, wet 
ponds, infiltration trenches, infiltration basins, porous pavements, water quality 
inlets, grassed swales, and filter strips. Nonstructural BMPs include institutional 
and pollution prevention practices such as education, street sweeping, and 
recycling (USEPA, 1999b). Schueler (1987) made a comprehensive study on 
choosing the most appropriate BMP option for a site looking at construction 
constraints, costs, benefits and efficiency. USEPA (1999b) also evaluated 
different types of structural and nonstructural BMP’s costs and benefits.
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Water quality improvement is not the primary design purpose of detention 
basins, which are designed to reduce the peak flow in storm water runoff. 
However, these facilities can be modified to provide an urban runoff treatment 
function. Carleton et al. (2000) investigated pollutant removal performance of 
constructed wetlands, which were built in old detention basins. The author 
concludes that estimated removals were positive for most pollutants and 
suggested the inexpensive conversion of old detention basins into wetlands.
Bingham (1994) studied the importance of wetlands on nonpoint pollution 
removal from urban runoff. Wetland functions can be divided into hydrologie and 
pollutant removal. The hydrologie function is the wetland’s water detention 
capacity; that can prevent downstream areas from flooding in a severe storm 
(Bingham, 1994). The major pollutant removal mechanisms in a wetland are 
listed by Bingham (1994) as sedimentation, filtration, adsorption, volatilization, 
microbial decomposition, and vegetative uptake.
Currently in Las Vegas, some detention basins are used as recreational areas 
but the majority do not receive perennial flow. It would be feasible to build 
wetlands in areas close to the Las Vegas Wash, which has perennial flows, or 
detention basins receiving perennial flow from streams such as the Flamingo 
Wash.
2.4.3 Pollutant Concentrations
Event Mean Concentration (EMC) is used to quantify nonpoint sources. EMC 
is defined as the ratio between a total event pollutant load for a specific
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contaminant and the event runoff volume (Wanielista & Yousef, 1992). Novotny 
(1995) justifies the use of EMC values in urban runoff studies due to the lack of 
consistent patterns of pollutant concentration in storm runoff.
Ten studies were reviewed and compared to better understand U.S. EMC 
values. Two problems arose when comparing pollutant concentration studies.
The first problem is that not all the studies divide EMC values into different land 
uses. The second problem is that not all the studies are concerned with the same 
pollutants. The following is a brief description of each study and EMC 
comparison tables for different U.S regions and different pollutants are provided 
in Tables 2-6, 2-7, and 2-8.
In 1983, the EPA published the results of the Nationwide Urban Runoff 
Program (NURP), which was designed to better understand the urban runoff 
problem. The report was concerned with three main topics as follows (USEPA, 
1983):
• The water quality characteristics of urban runoff and its relationship 
with different urban locations within the U.S.
• The extent to which urban runoff contributes to water impairment 
across the nation.
• The efficiency and performance of management practices in controlling 
urban runoff.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
Table 2-6 Total Suspended Solids (TSS) concentration (mg/l) comparison
among different U.S. regions
Source Location RES COM
Land use 
IND ROA UND Mixed
USEPA, 1983
National
average 101 69 n/a n/a 70 67
Shueler, 1987 Varies n/a n/a n/a n/a n/a n/a
Raird, 1996 Texas 41 56 61 74 70 n/a
u s e s , 1997
Marquette,
Michigan 81 115 n/a 498 n/a 224
Hottenroth et 
a!.,(1999)
Portland,
Oregon 54 78 145 107 32 71
Smullen, 1999
National
average n/a n/a n/a n/a n/a 78
Caraco, 2000 Phoenix, AZ n/a n/a n/a n/a n/a 227
Boise, Idaho n/a n/a n/a n/a n/a 116
Denver,
Colorado n/a n/a n/a n/a n/a 384
San Jose, 
California n/a n/a n/a n/a n/a 258
Dallas, Texas n/a n/a n/a n/a n/a 663
WSDE, 2000
Washington
State 64 92 102 169 58 n/a
MWH, 2001 Las Vegas 118 76 316 605 978 890
CH2M HILL, 
2001 Florida 47 94 518 39 11 n/a
CH2M HILL, 
2000 North Carolina 48 54 58 58 19 n/a
Polls and 
Lanyon, 1980 Illinois 797 386 302 266 34 n/a
Hromadka
1996 California 140 91 91 142 261 n/a
Median 72.50 84.25 123.25 142.00 58.00 225.50
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Table 2-7 Total Nitrogen (TN) concentration (mg/l) comparison among
different U.S. regions
Source [location RES COM
Land use 
IND ROA UND Mixed
USEPA, 1983
National
average n/a n/a n/a n/a n/a 3.3
Shueler, 1987 Varies n/a 2.2 n/a n/a 0.8 n/a
Raird, 1996 Texas 1.8 1.3 1.3 1.9 1.5 n/a
USGS, 1997
Marquette,
Michigan 1.8 2.3 n/a 1.6 n/a 1.9
Hottenroth et 
al.,(1999)
Portland,
Oregon 1.3 1.4 2.0 1.2 0.7 2.1
Smullen, 1999
National
average n/a n/a n/a n/a n/a 2.4
Caraco, 2000 Phoenix, AZ n/a n/a n/a n/a n/a 3.3
Boise, Idaho n/a n/a n/a n/a n/a 4.1
Denver,
Colorado n/a n/a n/a n/a n/a 4.8
Dallas, Texas n/a n/a n/a n/a n/a 2.7
MWH, 2001 Las Vegas 4.3 5.0 4.6 5.4 6.9 6.6
CH2M HILL, 
2001 Florida 2.5 1.8 n/a 2.0 1.3 n/a
CH2M HILL, 
2000 North Carolina 2.7 3.1 3.3 3.3 1.1 n/a
Polls and 
Lanyon, 1980 Illinois 2.6 2.5 1.8 1.6 0.7 n/a
Hromadka,
1996 California 3.3 1.9 1.9 2.6 2.1 n/a
Median 2.6 2.2 2.0 1.9 1.2 3.3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42
Table 2-8 Total Phosphorus (TP) concentration (mg/l) comparison among
different U.S. regions
Source Location RES COM
Land use 
IND ROA UND Mixed
USEPA, 1983
National
average 2.64 1.75 n/a n/a 1.51 0.33
Shueler, 1987 Varies n/a n/a n/a n/a 0.15 n/a
Raird, 1996 Texas 0.57 0.32 0.28 0.22 0.12 n/a
USGS, 1997
Marquette,
Michigan 0.08 0.09 n/a 0.24 n/a 0.29
Hottenroth et 
al.,(1999)
Portland,
Oregon 0.22 0.28 0.59 0.27 0.18 0.23
Smullen, 1999
National
average n/a n/a n/a n/a n/a 0.32
Caraco, 2000 Phoenix, AZ n/a n/a n/a n/a n/a 0.41
Boise, Idaho n/a n/a n/a n/a n/a 0.75
Denver,
Colorado n/a n/a n/a n/a n/a 0.80
San Jose, 
California n/a n/a n/a n/a n/a 0.83
Dallas, Texas n/a n/a n/a n/a n/a 0.78
W SDE, 2000
Washington
State 0.37 0.39 0.51 0.38 0.17 n/a
MWH, 2001 Las Vegas 0.46 0.49 0.77 0.60 1.01 0.95
CH2M HILL, 
2001 Florida 0.53 0.21 1.71 0.28 0.05 n/a
CH2M HILL, 
2000 North Carolina 0.30 0.40 0.40 0.40 0.20 n/a
Polls and 
Lanyon, 1980 Illinois 0.23 0.24 0.19 0.07 0.04 n/a
Hromadka 1996 California 0.47 0.24 0.24 0.44 0.23 n/a
Median 0.41 0.30 0.45 0.28 0.17 0.58
The NURP (USEPA, 1983) study summarized median pollutant EMC values 
for urban areas and highlighted heavy metals as being the priority pollutant found 
in urban runoff. Some other constituents obtained by the NURP are: Total 
Suspended Solids (TSS), Total Phosphorus (TP), Total Soluble Phosphorus 
(TSP), Total Kjeldahl Nitrogen (TKN), Nitrate plus Nitrite (NOa'^^- N). Table 2-9
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presents the EMC median values and the 90*  ̂percentile determined by ranking 
the data.
Table 2-9 Summary of NURP Study on urban runoff pollutant loads for the 
United States (all land uses).
Pollutant
EMC Median 
Values mg/l
EMC Median Values mg/l 
for 90th percentile
TSS 100 300
Cu 0.034 0.093
Pb 0.14 0.35
Zn 0.16 0.50
TP 0.33 0.70
SP 0.12 0.21
TKN 1.5 3.3
NOg^  ̂ - N 0.68 1.75
The NURP final report also concluded that geographic location and land use 
categories have little predictive information for the quality of urban runoff. That 
conclusion lead to general EMC values for urban areas regardless of land use. 
The NURP study shows that, surface water hardness in conjunction with rainfall 
and stream flow variability leads to significant differences in susceptibility of 
water bodies to be contaminated. Given these conditions, the southern and 
southwestern regions are the most susceptible to water contamination by heavy 
metals.
Schueler (1987) provides a study with EMCs values for individual land uses. 
The results are compared to EMC values from NURP results from Washington 
D C., NURP National Averages, Baltimore’s older urban areas. Northern
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Virginia’s Hardwood Forest, and with the National Urban Highway Runoff. 
Schueler’s conclusion is similar to the NURP study, and the author affirms that 
just one concentration value can be applied to an entire urban area for purposes 
of estimating pollutant loads.
Raird et al. (1996) present research about characterization of nonpoint 
sources for the Corpus Christi Bay, Texas. EMC values were summarized for the 
following land uses: residential, commercial, industrial, transportation, cropland, 
rangeland and undeveloped. The EMC values were developed based on data 
from five water quality stations. All soils that are classified as highly erodible and 
would represent a high source of nonpoint pollutants are farmed under approved 
conservation systems. Even with these practices, the author reports high values 
for Nitrogen (4.4 mg/l) and Phosphorus (1.3 mg/l) for croplands.
A report from the U.S. Geological Survey (USGS) summarizes runoff water 
quality data for 12 storms occurring between October 1993 and August 1994 in 
Marquette, Michigan (USGS, 1997). In contrast with the NURP (USEPA, 1983) 
and Schueler (1987) reports differences between pollutant source areas were 
noted for certain constituents. For example, the most acidic runoff was collected 
from commercial rooftops. The report presents a table with pollutant 
concentrations divided into eight different land uses. The report utilizes an 
interesting land use division; it divides residential areas into rooftops, driveways, 
and lawns. Commercial areas are also divided into rooftops and parking lots, and 
streets are divided into high traffic, medium traffic and low traffic.
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Another USGS study, now a fact sheet (USGS, 1997), synthesizes pollutant 
loads for residential, commercial, and industrial land uses for 13 U.S. urban 
areas. The fact sheet presents data in pounds per acre (not an EMC) and 
highlights the differences of pollutant concentrations by geographic locations. For 
instance, in two different sites, mean storm loads for Nitrogen varied by more 
than two orders of magnitude, from 0.0013 to 0.54 pounds per acre (USGS,
1997).
Hottenroth et al. (1999) presented median pollutant concentrations from 
Portland, Oregon. Data were collected from in-pipe stations and in-stream 
stations. In-pipe stations were downstream from mixed, residential, commercial, 
industrial, and transportation land use areas. The in-stream stations were 
downstream from residential, mixed and open space land uses. The objective of 
the study was to measure the effectiveness of storm water BMPs.
Smullen et al. (1999) present an update to the 1983 NURP study, which was 
originally published in 1983. The update still does not differentiate EMC values 
for different land uses and different locations; however, one of the suggestions is 
that the update may provide a basis for a future differentiation of EMC among 
different urban land uses and different geographic locations. The widest 
variations obtained between the two works were a 79% lower estimate for copper 
and a 36% higher estimate for Biochemical Oxygen Demand (BOD).
Caraco (2000) also compared different EMC values of general urban areas 
for different U.S. regions. The author emphasized the need of different
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stormwater programs for arid regions since there is a different pollutant 
concentration profile between arid and humid watersheds.
Another publication containing EMC values for different land uses is in the 
Stormwater Management Manual for Western Washington (WSDE, 2000). This 
work divides the land use into in-pipe industry, in-stream industry, transportation, 
commercial, residential and open areas. “In-pipe” samples were collected in 
stormwater pipes and “in-stream” samples were collected in streams flowing 
through industrial areas.
Other sources of EMC values for different geographic regions are the reports 
for the National Pollutant Discharge Elimination System (NPDES) and the Total 
Maximum Daily Load (TMDL) programs. The Las Vegas Valley NPDES 
Municipal Stormwater Discharge Permit report (MWH, 2001) presented EMC 
values for the arid Southwest estimated for the Las Vegas Valley. The report 
divides land use into highways, commercial, industrial, public land, residential, 
parks and golf courses, and desert. The report also makes comparisons with the 
NURP study, and typical Las Vegas Valley pollutant concentrations for all land 
uses.
The EMC values used in this thesis model were based on 2001 land use data 
and Chapter 3 presents a detailed explanation about the EMC Values used in the 
Las Vegas Valley.
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2.4.4 Modeling Nonpoint Source Runoff 
Modeling is one way to identify and to quantify nonpoint sources. This section 
describes simple and complex models for nonpoint source runoff, and also a 
model that integrates GIS with watershed management tools.
Nonpoint source runoff models can be “simple” or “complex”. Differences 
between simple and complex models can be expressed by the amount of input 
data and other model details, such as buildup and washoff relationships. 
Pollutants accumulate on land surfaces during dry weather periods and then are 
washed off from the basin in a storm event. Complex models usually include 
pollutant buildup and washoff relationships in their calculations. Charbeneau and 
Barret (1998) relate pollutant buildup with time between two storm events, 
season, land use, and traffic. In this study, they investigate different methods that 
can be used to generate constituent concentrations for nonpoint source 
modeling. One of the conclusions is that time interval between two storms, by 
itself, cannot explain pollutant build up.
Several articles discuss and compare different nonpoint source models. This 
thesis uses the Simple Method (Schueler, 1987) to model nonpoint sources in 
the Las Vegas Valley; thus this Section reviews the use of Schueler’s Simple 
Method and GIS application. In addition, articles that compare simple methods 
with complex ones are summarized.
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2.4.4.1 Simple Models 
The Schueler’s Simple Method (Schueler, 1987) is empirical and makes use 
of the extensive data collection in Washington D.C. for the NURP study as well 
as NURP results (Schueler, 1987). This method is versatile, as it predicts 
nonpoint pollutant loads for a region with different land conditions. The pollutant 
load from a defined area is obtained by the following formula:
Li =
PxP]XR,|
xC,xA,x2.72 (2-3)
Where for land use i: L is the pollutant load in pounds, P is the precipitation 
depth in inches, Pj is the storm correction factor (corrects P for storms that do not 
generate runoff), Rv is the runoff coefficient or the fraction of rainfall converted 
into runoff, C is the pollutant concentration in mg/l, A is the area in acres, and 12 
and 2.72 are unit conversion factors.
Schueler proposed an equation to obtain the Rv value. This equation 
represents the line that best fits data from 44 small urban catchments monitored 
during the NURP study.
Rv = 0.05 + 0.009( I ) (2-4)
Where I is the percentage of site imperviousness. Schueler (1987) describes 
in detail each one of the parameters in equations (2-3) and (2-4). A more detailed
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description of how this method was applied to the Las Vegas Valley is presented 
in Chapter 5 of this thesis.
PLOAD is a model that uses the simple method to calculate loads from a 
watershed on an annual basis. Input data are restricted to annual rainfall amount, 
watershed boundary, land uses, and tabular data containing EMC and runoff 
coefficient values. The model also permits the evaluation of BMPs that are 
placed in the watershed. The considerable amount of rainfall gages in the Las 
Vegas Valley justified interpolation of rainfall data and the use of a GIS based 
model that would take into account rainfall spatial distribution.
2.4.4.2 GIS Modeling 
Several studies mention the importance of GIS for modeling nonpoint sources 
(e.g., Heidke & Auer, 1993; Hromadka & Yen, 1996; Lee & Terstriep, 1991; 
Tsihrintzis et al., 1997; Ventura & Kin, 1993). GIS is useful for managing high 
amounts of data, combining layers, performing spatial analysis, and presenting 
quality maps. Ventura and Kim (1993) used GIS as a tool to create an empirical 
nonpoint source loading model. The pollutant loads were obtained by another 
model that calculates runoff volumes and urban pollutant loads from individual 
rainfall events, based on land use types. The main parameters for the nonpoint 
source model were rainfall amount, soil type, existing BMPs, pollutant load 
coefficients, and area of each land use. The units-of-analysis for this model are 
individual land use polygons.
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Tsihrintzis et al. (1997) published a study that integrates GIS and nonpoint 
modeling. This model simulates different fertilizer and pesticide loads in a given 
area so that different effects on stormwater quality could be analyzed.
2.4.4.S Complex Models
The United States Environmental Protection Agencies (USEPA's) Storm 
Water Management Model (SWMM) and the Hydrological Simulation Program 
Fortran (HSPF) are both well-known complex models. The SWMM model was 
primarily designed, but not exclusively, for urban areas. It accounts for storm 
sewers, combined sewers, and natural drainages (CHI, 2001). Tsihrintzis and 
Hamid (1998) present the results of a SWMM model for South Florida. The study 
reports reasonable model results when compared with NURP values for Florida 
and U.S. sites. The study suggests that SWMM might be more effective in 
modeling large catchments with different land uses and complex storm drain 
networks.
HSPF was developed in the early 1960’s and still provides an accurate 
representataion of nonpoint source runoff (Codner, 1991). HSPF requires rainfall 
and other meteorological data to compute streamflow, hydrographs, and 
pollutographs. Among various HSPF capabilities, the model simulates 
interception soil moisture, surface runoff, interflow, base flow, évapotranspiration, 
ground-water recharge, dissolved oxygen, biochemical oxygen demand (BOD), 
temperature, pesticides, fecal coliforms, sediment detachment and transport, 
sediment routing by particle size, channel routing, reservoir routing, constituent
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routing, pH, ammonia, nitrite-nitrate, organic nitrogen, orthophosphate, organic 
phosphorus, phytoplankton, and zooplankton (USGS, 2002).
EPA BASINS is a model that was developed for assisting TMDL studies 
(Whittemore & Beebe, 2000). BASINS integrates the GIS software ArcView, with 
models focused on water quality, point and nonpoint sources, and TMDLs. The 
latest version BASINS 3.0 includes a water quality model, QUAL2E, which 
analyses pollutant fate and transport through stream systems, and the watershed 
models PLOAD, Soil and Water Assessment Tool (SWAT) and winHSPF with a 
postprocessor WDMUtil. All three models (QUAL2E, PLOAD, HSPF) can run 
outside BASINS; however, the GIS link makes data input and analysis much 
easier.
Engelmam et al. (2002) evaluated BASIN’s NPSM (old equivalent BASINS 
Version of winHPSF) modeling a small watershed in Ohio. The study concludes 
that the model should always be calibrated and highlights difficulties associated 
with proper calibration. Moreover, data from a single year are not enough to 
calibrate the model, and BASINS data end in December 1996.
Several articles make critical evaluations about BASINS and U.S. water 
quality data that have been collected. Halpern (2000) discusses problems with 
the accuracy and adequacy of water quality data. The article mentions that it is a 
problem that should be addressed by State and Federal agencies. The article 
qualifies Federal records as “disastrous” and references several reports that 
criticize monitored water data. The article questions EPA BASINS model, arguing 
that there is not enough monitored data to use in the model for tens of thousands
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of U.S. watersheds. The article finally suggests that the same effort and money 
spent to monitor air quality between 1972 and 1990 should be spent on water 
monitoring so that a high water quality inventory could be achieved.
Whittemore and Beebe (2000) also criticize water quality data, point and 
nonpoint data, and parameters, stating that quality assurance is suspect in some 
cases. The article suggests a more rigorous peer-review for the software; 
however, as an overall opinion, BASINS is a excellent beginning tool for 
modeling the 21^ century water bodies. In the same article, the authors suggest 
that BASINS should not end with the software creation, but software and data 
should always be improving.
Chandler (1994) investigated the results of simple and complex nonpoint 
source models using four case studies and 124 comparisons. It was concluded 
that quantitative differences are not relevant for annual pollutant loads; the 
differences between the two models results are in the same order of magnitude, 
and uncertainties regarding pollutant concentrations are high. These 
concentrations can vary by more than one order of magnitude for storm events in 
a given region (Chandler, 1994).
Codner (1991) compares two complex models, SWMM and the HSPF.
SWMM was chosen since it is widely used, and HSPF since it has extensive 
technical capabilities. The comparison highlights SWMM’s ability to model urban 
or rural basins, and to accept detailed pipe or channel networks (i.e., large 
number of parameters). SWMM calibration is difficult, due to the model’s high 
degree of freedom. Simple washoff relationships are present in both models with
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an improvement suggestion for SWMM accumulation and washoff components. 
HSPF was the best model tested; however, it is complex and difficult to use. 
Achieving a high level of expertise is difficult even for experienced modelers 
(Whittemore & Beebe, 2000). Codner (1991) and also Whittemore and Beebe 
(2000) emphasize the importance of using appropriate data in a model; without 
appropriate data, results are meaningless.
Baxter (2002) compared BASINS with the SWMM model and one of the 
conclusions is that BASINS is adequate for larger watersheds, where urban and 
agricultural areas are combined. SWMM has a better approach in modeling 
urban basins where pipe flow tracking and urban runoff calculations are 
necessary. Both models require, from the user, an engineering background.
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DATA
3.1. Definitions and Background
The Environmental Systems Research Institute’s (ESRI) ArcView GIS was 
the software used to perform all the GIS tasks of this thesis including the 
nonpoint source pollution model. Geographic-based features are represented in 
vector (represented as shapefiles in ArcView) or raster format. Data containing 
additional information about a geographic location can be associated with vector 
or raster files.
Vectors (points, lines, and polygons) usually represent well-defined features 
such as boundaries, rivers, roads, and wells. ESRI defines a shapefile as: “A 
vector data storage format for storing the location, shape, and attributes of 
geographical features” (Me Coy & Johnston, 2001).
Raster (grid) files better represent data such as pressure, rainfall, and 
temperature. Raster is any data source that uses a grid structure to store 
geographic information (Me Coy & Johnston, 2001). Grid is defined as “a 
geographic representation of the world as an array of equally sized square cells 
(or pixels) arranged in rows and columns. Each grid cell is referenced by its 
geographic x,y location” (Me Coy & Johnston, 2001).
54
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Data obtained in this study was divided into two groups: data related to 
source water protection areas, and data related to the nonpoint source pollution 
model. Data for source water protection areas will be discussed in Chapter 4 and 
include the following:
• Verification of perennial flows
• Inventory of the possible contaminants within a delineated source 
water protection area
Data used in the nonpoint source model are more comprehensive and are 
discussed in detail in this chapter. All data were obtained from existing databases 
and compiled into GIS. The GIS data were acquired from the Clark County GIS 
Management Office (GISMO). The county has a well-documented GIS database 
available at the GISMO website (http://www.co.clark.nv.us/ceit/gismo/gismo.htm). 
GISMO data is divided into nine categories: Street Centerline; General Points of 
Interest; Election Districts; Assessor's Tax Code Districts; Regional Flood Control 
District Facilities; Department of Aviation; Contours, Faults, and Soil Types; Clark 
County Sanitation District; and Comprehensive Planning.
GISMO has adopted the State Plane Feet coordinate system as a standard 
for its GIS data. A detailed description of all shapefiles, called metadata, is 
available at the GISMO website (http://www.co.clark.nv.us/ceit/gismo/gismo.htm).
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3.2. Watershed Data
3.2.1 Storm Channels 
The “Regional Flood Control District Facilities” shapefile from GISMO has all 
stormwater drains and detention basins plus their current status as either 
constructed, under construction, or under the ten-year planning horizon. The 
shapefile also gives information about the channel characteristic (e.g. concrete, 
rip rap, earth, grass, natural). Only the existing facilities were used in the SWAP 
described In Chapter 4.
3.2.2 Watershed Boundary 
The watershed boundaries were available from GISMO and also from 
BASINS data, which provide digital elevation models within the boundaries of 
USGS’s Hydrologie Units. The Hydrological Units, as defined by USGS, divide 
and sub-divide the U.S. into smaller hydrologie units, which are classified into 
four levels; regions, sub-regions, accounting units, and cataloging units (USGS, 
2002). The Las Vegas Valley Hydrological Unit Code (HUC) is 15010015.
The watershed shown in GISMO is different than the USGS watershed, 
mainly in the north part of the basin (Figure 3-1). Las Vegas Valley watershed 
delineation was prepared by PBS&J and provided to the Clark County Regional 
Flood Control District (CCRCFD) with the 1996 master plan update (GISMO, 
2002). The difference does not represent a problem to the SWAP delineation of 
source water protection areas since the northern section of the watershed will 
probably not impact the drinking water intake.
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Figure 3-1 Comparison between the watershed delineated by USGS (gray 
area) and the watershed delineated by PBS&J (subwatersheds defined 
within USGS watershed.
3.2.3 Rainfall Data 
Rainfall data are available at the Clark County Regional Flood Control District 
website (http://www.ccrfcd.org/). The data set contains more than 120 stations
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with information such as, location in latitude-longitude coordinates, station 
names, station identification, elevation, and monthly rainfall records. Figure 3-2 
presents the distribution of stations within the watershed. It is noteworthy that the 
majority of the stations are at lower elevations and there are few stations in the 
mountains where precipitation is higher. One possible source of data for the 
mountain regions is the National Forest Service.
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Figure 3-2 CCRFCD Rainfall stations within the Las Vegas Valley watershed.
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Figure 3-3 Five year (1997-2001 ) rainfall average for each rainfall station 
within the Las Vegas Valley and data trend line with its value.
The influence of elevation on precipitation is shown in Figure 3-3. A five year 
(1997-2001) rainfall average for each CCRFCD rainfall station is plotted against 
the elevation of the station. Figure 3-3 presents a positive slope trend showing 
precipitation increasing with elevation values; however, it is difficult to adjust the 
precipitation based on this figure only. Further studies on Las Vegas Valley 
rainfall variability might define better rainfall-elevation correlation.
In order to create an isohyet map for the Las Vegas Valley to be used in the 
nonpoint source model, monthly rainfall data from the Las Vegas Valley stations 
were used to interpolate rainfall at every 30-meter grid cell. A commonly used 
method to interpolate rainfall data is the Inverse Distance Weight Interpolation 
(IDW) method (Smith, 1993). The IDW method interpolates values for a given
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location based on values of the neighboring stations. The weight placed on each 
station value, or how they influence interpolated values, is controlled by the 
equation’s power value and number of points that the IDW will average to obtain 
a result for a given location. The IDW formula is:
y, =̂ 17- ; -  PO)
Z d ]
j=i
Where yi is the precipitation at the interpolated point i, yj is the precipitation at 
station j, dj is the distance from station j to the point to be interpolated, p is the 
power, and n is the number of stations.
The option used in IDW was for variable radius that was defined based on the 
number of adjacent stations to the interpolated point and a power of 2. Several 
analyses using 6,9, 12 and 24 adjacent stations to the interpolated point are 
compared in Figure 3-3. Changing the number of adjacent stations did not result 
in a considerable change in the interpolated spatial distribution of precipitation. 
Lastly, an analysis using 12 stations and a power of one did not result in a 
considerable change in the rainfall distribution. Based on these observations, 12 
points with a power of 2 were used for rainfall interpolation.
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Figure 3-4 Las Vegas Valley rainfall data for 2000 using several variants of 
Inverse Distance Weighting (IDW) parameters. Analyses include variable 
radius for 6, 9, 12, and 24 points with a power of 2 (a), (b), (c), (d), and 12 
points with a power of 1 (e).
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The interpolation was made for each month of 2000 and 2001, resulting in 24 
raster rainfall maps with a 30 by 30 meter grid resolution. These grid files are 
used in the monthly and annual nonpoint source model to be explained in 
Chapters.
It should be noted that the IDW interpolation results are constrained by upper 
and lower values at individual stations, it does not extrapolate values. This is a 
reasonable approach since there is limited data in the high elevations.
3.3. Land Use Data 
Two sources of land use data are available for Las Vegas, and for use in the 
SWAP and the nonpoint source model. These sources are the ERA BASINS 
Land use data, and the Clark County Assessor’s Office land use table.
3.3.1 BASINS Land Use 
The BASINS land use dataset is for 1995, and due to rapid urban expansion 
of the Las Vegas Valley (Gottdienet et al., 1999) this dataset does not represent 
current Las Vegas land use conditions. Figure 3-4 shows the BASINS land use 
extent for Las Vegas. This is clearly not an accurate representation of land use in 
Las Vegas, so the Clark County Assessor’s Office data were obtained.
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Figure 3-5 BASINS Land use data for the Las Vegas Valley in 1995.
3.3.2 Clark County Assessor’s Office 
The Clark County Assessor’s Office land use table is available as a database 
file with parcel information, including land use code and parcel number; however 
this table is not geographically referenced. The Clark County GISMO supplies 
parcel shapefiles with only parcel numbers. The common field between both data 
sets (land use table and parcel shapefile) is the parcel number. Thus, the Clark 
County Assessor’s Office table with the GISMO parcel shapefiles results in a 
map showing the land use for each parcel (Figure 3-6). The steps to accomplish 
this task are described below and in Appendix A, and the land use maps for each 
subwatershed in the Las Vegas Valley are presented in Appendix B.
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Las Vegas Valley Land Use
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Figure 3-6 Overview of land use compiled from Assessor’s Office data.
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Clark County parcels are divided into books and book Sections, each book 
has 36 Sections, and each Section is an ArcView shapefile (See Figure 3-7). The 
first step was to open all the shapefiles. Parcels were grouped into each one of 
the nine sub watersheds (see Figure 3-7) due to the large amount of data.
Having opened all shapefiles from each sub watershed, the next step was to join 
and to clip the parcels within sub watershed boundaries.
«II -iS -, 5t i
4#̂
.2 0.
B q o K
Figure 3-7 Example of the books and books Sections for Duck Creek 
watershed.
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After grouping and clipping parcels within each of the nine subwatersheds, 
the Assessor’s office table was linked to the shapefiles attribute table resulting in 
a land use assigned to each parcel.
The next step was to generalize the land use categories assigned by the 
Assessor’s Office. According to the metadata published on 4/11/2001 at the 
GISMO website (GISMO), Assessor’s Office had more than 70 subclasses. This 
level of detail is not necessary for nonpoint source modeling; therefore, a more 
general land use code was generated by grouping the original Clark County 
Assessor’s Office data into seven land use categories shown in Table 3-1. That 
grouping was possible due to SQL (Structured Query Language) selection. The 
selection commands used are presented in Appendix C.
Table 3-1 General land use categories for the Las Vegas Valley watershed 
based on Clark Couty Assessor’s Office parcel data.
Land Use Code Area mi^
Percentage of 
watershed area (%)
Undeveloped UNO 1267 85.0
Roads and Highways ROA 71 4.0
Commercial COM 27 1.5
Industrial IND 16 1.0
Residential RES 107 5.7
Park/Golf Courses PAR 17 1.1
Public Land PUB 18 1.1
Land use profiles were also identified for each one of the nine Las Vegas 
Valley subwatersheds (Table 3-2). The subwatersheds Range Wash (RAN), 
Flamingo/Tropicana (FLA), Duck Oreek (DUO), Pittman Wash (PIT), and C-1
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Channel (C-1) are very similar in land use percentages. The North Las Vegas 
(NOR) subwatershed has the greatest percentage of undeveloped land (96%), 
and the subwatersheds Central (CEN), Lower Las Vegas (LOW), and Gowan 
(GOW) are the most developed ones. A detailed table showing land use areas 
for each subwatershed is presented in Appendix D.
Table 3-2 Land use percentages for each subwatershed in the Las Vegas 
Valley watershed.
Land Use CEN LOW DUO NOR RAN GOW PIT FLA C-1
Undeveloped 11.7% 50.2% 82.2% 96.0% 77.5% 57.3% 78.6% 76.7% 79.2%
Roads 21.0% 6.7% 4.9% 1.5% 4.9% 12.0% 6.7% 6.0% 6.8%
Residential 42.3% 13.4% 7.9% 1.5% 6.7% 21.7% 8.4% 9.2% 8.8%
Public Land 6.4% 0.6% 1.0% 0.3% 4.4% 1.7% 0.6% 1.3% 1.7%
Parks/Golf 0. 1.8% 5.6% 0.7% 0.2% 1.9% 4.5% 1.9% 2.1% 0.6%
Industrial 3.9% 20.5% 1.6% 0.2% 1.3% 0.6% 1.8% 1.4% 2.0%
Commercial 12.9% 3.0% 1.7% 0.2% 3.3% 2.3% 2.0% 3.3% 0.8%
3.4. Nonpoint Source Runoff Water Quality Data 
Water quality data for nonpoint source runoff were obtained from the 2000- 
2001 Annual Las Vegas Valley NPDES report as part of the wet weather 
monitoring program required by the State of Nevada Division of Environmental 
Protection (NDEP) (MWH, 2001). Data has been collected from five wet weather 
stations within the Las Vegas Valley (Figure 3-8) since 1992.
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Figure 3-8 Wet weather sampling locations as part of NPDES reporting for the 
Las Vegas Valley and USGS flow gages
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The sampling points represent the major drainage into Las Vegas Wash 
(MWH, 2001). With the current geographic distribution of the sampling points it is 
not possible to sample runoff coming from each one of the nine different sub 
watersheds. Table 3-3 shows the sampling points and the respective sub 
watersheds that drain to the points. It is important to know the contributing 
watersheds for each sampling point. This information will be useful to calibrate 
pollutant loads associated with different land uses in the GIS model described in 
Chapter 5. The wet weather data from the NPDES report (MWH, 2001) presents 
the storm date, the pollutant load for that storm, and the overall median and 
average for all events from 1992 to the present. Subwatersheds’ median 
concentration values were used for the calibration of Las Vegas Valley nonpoint 
pollutant concentrations. The studied pollutants were Total Suspended Solids 
(TSS), Total Nitrogen (TN) and Total Phosphorus (TP). The concentrations 
obtained from the 2000-2001 Annual Las Vegas Valley NPDES report are shown 
in Table 3-4
The notable difference among the TSS concentrations for the different 
subwatersheds can be explained by the subwatersheds physical characteristics.
It is reasonable to assume a high correlation between TSS concentrations and 
the type of soil, percentage of area impervious, and the amount of deposition 
from atmospheric transport of small particles.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
70
Table 3-3 Wet weather sampling points and their respective watersheds.
Watersheds 
contributing to the
Code Water quality sample locations sample location
1
Las Vegas Creek, Washington Avenue Channel at 
Lena Street CEN
2
Range wash (Sloan Channel) At Charleston 
Boulevard RAN
3 Duck Creek at Boulder Highway DUC and PIT
4 C l - Channel at Warm Springs Road C-1
Las Vegas Wash at downstream end of Desert FLA, CEN, GOW and
0 Rose Golf Course NOR
Table 3-4 Water quality data (1992-2001) for subwatersheds in the Las 
Vegas Valley. The median and average concentration values for Total 
Suspended Solids (TSS), Total Nitrogen (TN) and Total Phosphorus (TP), 
and the subwatershed that contributed to these values.
Pollutant concentration for each subwatersheds
CEN
FLA, CEN, 
GOW and 
NOR
DUG and 
PIT RAN C-1
f
E
;
Median
Concentration 470 1870 320 3390 1325
Average
Concentration 490 2044 1676 3692 3288
I
Median
Concentration 6.6 7.5 7.4 4.8 3.3
â
g
Average
Concentration 7.26 6.8 7.2 5.2 5.1
f:
Median
Concentration 0.9 1.46 0.44 1.35 2.16
&
&
Average
Concentration 1.19 1.49 1.13 1.54 2.48
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Table 3-5 Comparison between national average pollutant concentrations 
and arid/semi-arid pollutant concentrations (based on Caraco 2000).
Concentration (mg/l)
Pollutant
Clark County, 
NV(MWH, 
2 0 0 1 )
National
Average
Phoenix
AZ Denver CO
Dallas
TX
TSS 950 78.4 227 384 663
TN 6.9 2.39 3.26 4.8 2.7
TP 0.97 0.32 0.41 0.8 0.78
Since 1992, when sampling started, there were no years in which three storm 
event samples were collected. This lack of data is due to the low number of 
storms that occur in this arid region, and budget limitations as part of the NPDES 
program. This condition makes it difficult to characterize seasonal effects on 
storm water pollutant loads. The NPDES report (MWH, 2001) presents in detail 
how and when samples were collected. The report also compares Las Vegas 
Valley pollutant concentrations with other regions. Arid and semi-arid locations, 
seem to have a higher concentration of pollutants when compared with other 
non-arid locations (MWH, 2001). Caraco (2000) presents a table comparing 
pollutant concentrations from a national average with pollutant concentrations 
from arid and semi-arid regions. Table 3-5 presents data from Caraco (2000) and 
Clark County pollutant concentrations. For all these pollutants, the concentrations 
are higher in Clark County. The difference between Clark County pollutant 
concentrations and other places in the U.S. warrants further studies to determine 
the pollutant sources.
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CHAPTER 4
LAS VEGAS VALLEY SOURCE WATER ASSESSMENT PROGRAM
4.1. Source Water Protection Zones
Source water is known as all the water resources in a system that can be 
converted to drinking water, including surface and groundwater (USEPA, 2002). 
As part of the SWAP, every state is required to assess the vulnerability of its 
source waters to surface and subsurface contamination. As previously stated, 
this chapter will focus on just one of the SWAP topics —  the delineation of 
source water protection zones, which also includes the assessment of point and 
nonpoint pollutants that might contaminate the water intake.
Different states have chosen different approaches to delineate source water 
protection zones for the SWAP; however all states have to follow EPA guidance 
(USEPA, 1997). A minimum protection zone delineation outlined by EPA is to 
make the protection zones at least 200 feet wide around water bodies, and for it 
to extend at least 10 miles upstream from intake points.
In the State of Nevada SWAP (BHPS, 1999) two zones of protection are 
noted, where Zone A extends 500 ft around water bodies, and Zone B extends 
3000 ft from the boundaries of Zone A. The extent of the source water protection
72
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zones is 10 miles from the intake, (see Figure 2-13 for an example of different 
source water protection zone delineation options)
Lake Mead
Lake Las Vegas 10 Miles
Wash
Drinking Water Intake ►
Miles
Figure 4-1 Extent of source water protection zones covered by the 
“minimum 10 miles upstream from intake” criteria.
For the Las Vegas Valley drinking water intake, the 10 miles upstream into 
the Las Vegas Valley would be at the point where the Las Vegas Wash goes 
underneath Lake Las Vegas (see Figure 4-1). This distance does not extend into 
urban areas of Las Vegas; therefore the source water protection zones were 
extended further upstream to the limits of dry weather flows in the storm
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channels. This is a reasonable approach since the presence of water in the 
channels is essential for a pollutant to travel downstream from the source of 
contamination to the drinking water intake.
Following this criteria, source water protection zones were identified in the 
Las Vegas Valley, where all possible water contaminants are located and there 
exists a pathway for the contaminant to reach the drinking water intake.
4.2. Extent Of Dry Weather Flows and Source Water Protection Zones
Delineation
The majority of the dry weather flow in the Las Vegas Valley is due to 
overirrigation and return ground water flow (Mizell & French, 1995). If it was not 
for overirrigation, channels would have less water, and groundwater would 
account for most of the dry weather flows.
During the spring, summer and fall of 2001, storm water channels were 
surveyed with the objective of identifying which channels had dry weather flows. 
This data was collected with a Trimble Global Positioning System (GPS), model 
Geoexplorer 3. The unit precision is 1 to 5 meters after differential correction, 
which is reasonable for the objectives of this work. The data was then used to 
define the extension of the protection zones for the Las Vegas Valley. Figures 4- 
2, 4-3 and 4-4 display the points that were verified during the spring, summer 
and fall of 2001 respectively.
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Figure 4-2 Spring 2001 field work identifying the extent of dry weather flows, 
circles are locations with dry weather flow, and squares had no observable 
flow.
Area A in Figure 4-2 represents a residential zone that drains to a detention 
basin facility. Downstream from this facility, channels were dry. Thus, this 
residential area was not considered for the source water protection zone 
delineation because all dry weather flows carrying possible contaminants would 
be trapped inside the detention basin.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
LONE ^MOÜNTT AIN
Al e x a n d e r '
:o
•QfCWEBi..
f|>̂RAie \
ALEXANDER ^
CHEYENNE
: SM OKE RAN CH ' '  CAR^Y
 ̂ 'ÆGAS ; i 3b S
• BONANZA'- -J • r .....
..
t j “’ ..
LA% M EAD ip .........
®WEN's' .... ÎM
■ Â S H ï N e T o r t ; ^ ; ^  Î .............
BONANZA
 I 'j  r ^  :S‘ : ; ,-7 "i
DESERT INN s p i ^ ^ u N T A I N   ' '■ X ^ I N  |
g- !....  Ig - ■ CüÔ' # "  ' !O — 1 -I
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Figure 4-3 Summer 2001 field work identifying the extent of dry weather flows, 
circles are locations with dry weather flow, and squares had no observable 
flow.
In the Summer 2001, field work similar to Spring 2001 was completed with the 
additional information of velocity measurements so contaminants time of travel in 
the channels could be estimated in the future. Velocities were estimated with a 
flow meter, and the cross sections were estimated by measuring the depth and 
width of the channel.
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Figure 4-4 Fall 2001 field visits searching for wet channels in the Las Vegas 
Valley, circles are locations with dry weather flow, and squares had no 
observable flow.
The field work for all seasons was documented with photographs to confirm 
the extent of dry weather flows. All digital photographs are linked in GIS using the 
ArcView Hotlink tool.
After defining the extent of dry weather flows in the field, an ArcView Script 
was created and used with further upstream wet points to identify downstream 
channels. The Script is shown in Appendix E. The result of the GIS script is 
shown in Figures 4-2, 4-3, 4-4, and 4-5 as the “perennial flow” shapefile.
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It is noteworthy to plot the dry weather extent against a soil map. A clear 
relationship between dry weather flows and alluvial soil is noted in Figure 4-5. 
The soil surveys were compiled by the U.S. Department of Agriculture, 
Geotechnical Considerations of Las Vegas, and the Nevada Bureau of Mines 
and Geology. (GISMO, 1992).
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Figure 4-5 Alluvium soils and perennial flows in the Las Vegas Valley
The dry weather flows extension approach covers a considerable part of the 
alluvium soils (Figure 4-5), with the exceptions of channels located in areas 1, 2 
and 3 shown in Figure 4-5. Area 1 is a well developed commercial area, and
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areas 2 and 3 are well developed residential areas that might generate high 
amounts of overirrigation flows.
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Figure 4-6 Source water protection Zones A and B for the major Las 
Vegas Valley washes.
The perennial flow shapefile was necessary for designating the length of the 
source water protection zones. Protection Zone A is a 500 feet buffer around the 
dry weather extent flows, and protection Zone B is a buffer of 3000 feet from the 
boundaries of Zone A. The buffers were delineated with ArcView GIS Buffer
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Wizard tool, and the results are shown in Figure 4-6. The source water protection 
zones cover a reasonable area of the Las Vegas Valley, including urban areas 
and alluvium soils. After defining the protection zones, the contaminants within 
those areas were identified.
The dry weather flows should be monitored in the Las Vegas Valley at least 
once in every season to determine if that protection zone limits should be 
modified. It is expected that dry weather flows will decrease as programs aimed 
to conserve water have increased in the Las Vegas Valley. If overirrigation flows 
decrease, then dry weather flows will also decrease.
4.3. Contaminants Inventory 
According to Nevada’s SWAP, all possible contaminants within source water 
protection Zone A should be inventoried for future risk analysis and susceptibility 
of source water contamination (BHPS, 1999).
Field work was conducted within protection zones to identify possible sources 
of contaminants described in Table 4-1 (BHPS, 1999). The GPS Trimble 
Geoexplorer 3 was used to collect information about the channels and to store 
the contaminant data within the source water protection zones. The information 
collected in the field includes the survey date, facility description, contaminant 
code, facility address, picture, and geographic coordinates. After obtaining the 
data with the GPS, it was downloaded to a computer, the differential correction 
was executed, photographs were transferred to the computer, and the database 
tables and shapefiles containing the field points were updated.
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An ArcView project was created linking the contaminant location database 
with the field photographs (Figure 4-7). Using the hotlink feature in ArcView, the 
user can select a field point and the photograph for that point will open.
Figure 4-7 Example of field picture taken and linked to the GIS database.
The results for field identification and field location of possible contaminants 
within source water protection are shown in Table 4-2 and Figure 4-8. Table 4-2 
shows the number of contaminants identified in the field as well as the respective 
contaminant code and category. The most common sources of contaminants 
found were medical institutions, auto repair shops, and gas stations. The medical 
institutions are concentrated in several areas (see Figure 4-8). Auto repair shops 
and gas stations are dispersed through the source water protection zones. Figure 
4-8 presents an overview map of the location of the contaminants within the 
source water protection zones.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 4-1 Potential Contaminant list and codes (BHPS, 1999).
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Code Contaminant Code Contaminant
1 Animal burial areas 29 Medical Institutions
2 Anim Feediot 30 Research laboratories
3 Chemical application 31 Above ground storage tanks
4 Chemical mixing & storage areas 32 Underground storage tanks
5 Irrigation field and ditches 33 Public storage
6 Manurespreading & pits 34 Radioactive storage
7 Unsealed irrigation wells 35 Dumps and Landfills
8 Chemical
manufactures/warehouse/distributin
activities
36 Municipal incinera
9 Electroplaters & fabricators 37 Recycling & reduction facilities
10 Electrical products & manufactoring 38 Scrap & Junk yard
11 Machine & metalworking shops 39 Septage Lagoons, Wastewater
12 Manufactoring sites 40 Sewer Transfer stations
13 Petroleum products production, 
storage & distribution
41 Airports
14 Dry Cleaning establishments 42 Asphalt plants
15 Furniture & wood stripper refinishers 43 Boat yards
16 Jewelry & metal plating 44 Cemeteries
17 Laundromats 45 Construction areas
18 Paint shops 46 Dry wells
19 Photography establishments & 
printers
47 Fuel storage systems
20 Auto Repair Shops 48 Golf courses, parks & nurseries
21 Car Washes 49 Mining
22 Gas Stations 50 Pipelines
23 Road deicing operations: storage & 
application areas (e.g road salt)
51 Railroad
24 Road maintenance depots 52 Surface water impoundments, 
streams/ditches
25 Household hazardous products 53 Stormwater drains & retention 
basins
26 Private wells 54 Unplugged abandoned well
27 Septic systems cesspools 55 Well operating
28 Educational institutions 56 Other
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Table 4-2 Result of field visits showing the number of different contaminant 
sources within the source water protection zones.
Number of 
sites within 
buffer zone Code Contaminant
Number of 
sites within 
buffer zone Code Contaminant
2 12 Manufactoring sites 1 28 Educational
institutions
12 14 Dry Cleaning 
establishments
78 29 Medical Institutions
2 15 Furniture & wood 
stripper refinishers
2 30 Research
laboratories
1 16 Jewelry & metal 
plating
22 33 Public storage
4 17 Laundromats 2 37 Recycling & 
reduction facilities
4 19 Photography 
establishments &
1 38 Scrap & Junk yard
63 20 Auto Repair Shops 3 44 Cemeteries
15 21 Car Washes 12 45 Construction areas
43 22 Gas Stations 11 48 Golf courses, parks & 
nurseries
1 24 Road maintenance 
depots
38 56 Other
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Figure 4-8 Protection Zones A and B and the location of potential sources of 
contaminants.
4.4. Land Uses Within Buffer Zones 
Nevada’s SWAP requires the identification of land use within boundaries of 
source water protection Zones A and B. Land use data from 2001 were compiled 
and then used to identify land use within Zone B.
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The criterion used to obtain land use within the source water protection zones 
was that if any part of a parcel was within the buffer, the whole parcel area was 
taken into account. Therefore, boundary parcels have some of their area outside 
Zone B. Figure 4-9 shows a typical example of this parcel offset. Figure 4-10 
shows an overall map of land use within the source water protection zones.
Legend
H I  ZoneA
Parcels, part Inside part outside 
tne Protection Zones
Figure 4-9 Example of parcels that are partially included in the Zones A and 
B.
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Figure 4-10 Land use within source water protection Zones A and B for the 
Las Vegas Valley extension of dry weather flows. COO)
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Table 4-3 Percentages of land uses within the protection Zones A and B
Land Use
Percentage of land use within 
protection areas (%)
Watershed 
percentage (%)
Commercial 7.2 1.8
Highways/Roads 13.3 4.6
Industrial 4.2 1.1
Park/Golf Courses 3.9 1.1
Public Land 3.6 1.2
Residential 22.8 7.1
Undeveloped/Natural Desert 45.0 83.2
Table 4-3 presents the percentages of each land use within the source water 
protection zones. As expected, much of the land use within the source water 
protection zones is undeveloped considering that 83% of the watershed is 
undeveloped. Residential (22.8%) and highways (13.3%) are also a large portion 
of the land use within the Zones A and B. This suggest that any control of 
pollutants from these areas will have a high impact on the protection of the 
drinking water intake.
4.5. BASINS and the SWAP 
BASINS’s tools that are applicable to Las Vegas Valley SWAP will be 
discussed in this section. The main limitation with BASINS is the data built into 
the system. For Las Vegas, a 5 year old dataset might not be completely 
accurate for analyses presented here.
BASINS’s Data Mining tool is useful to show water quality station 
measurements through the period of record. Examples of Data Mining tool were
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exported to Dbase files and are shown in Figure 4-11. For SWAP purposes, an 
interesting water quality station to be analyzed is the one furthest downstream 
from the watershed. This station data traces the profile of the water that is 
reaching Lake Mead. Station 310070, available from BASINS dataset, is located 
at Las Vegas Wash at Northshore Road. The Nevada Department of 
Conservation & Natural Resources (http://www.state.nv.us/cnr/), designated by 
the ERA code 21NEV-1 shown in Table 4-4, column c, is the responsible agency 
for this station. It is located downstream from Lake Las Vegas and from the three 
current Las Vegas waste water treatment plants -  it is important to mention that 
the Las Vegas Wash goes underneath Lake Las Vegas, which is an artificial 
lake. Figure 4-11 shows Data Mining results for the Las Vegas 310070 water 
quality station based on data from 1970 to 1997. The major characteristic of the 
graphs is the substantial drop in pollutants average concentrations, probably due 
to improvements in waste water treatment plant pollutant removal techniques. 
However, the decrease of concentration values does not correspond to a 
decrease in load. The increase in WWTPs flows has also increased the total load 
to Lake Mead.
Table 4-4 presents the Total Nitrogen water quality data for Las Vegas station 
number 310070. As shown in Figure 4-11, the quality of data can be judged by 
the number of observations (N Obs) collected in a given time period (Table 4-4e). 
For instance, the point that should represent data from 1980 to 1984 has just one 
observation in 4 years (Table 4-4e). Although that is the worst case, the highest 
frequency was only 11 samples from 1995 (Table 4-4e).
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Figure 4-11 Water quality data from Las Vegas Wash station 310070 retrieved 
by BASINS Data Mining tool.
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There is better waste water treatment discharge data available, even for daily 
discharges, however this data is not used by BASINS.
The quality of this data is not sufficient to make any valid observations in 
water quality trends; therefore, data from local sources will be utilized in the 
SWAP, but not covered in this thesis. There is clearly more detailed data 
available through the Las Vegas Wash Coordination Committee.
Another weakness in BASINS is the land use data. BASINS’s land use is not 
updated, and is less detailed than the one compiled from Las Vegas Assessor’s 
Office 2001 database (see Section 3.3). Figure 4-12 compares the two datasets.
The BASINS land use data are relatively old for Las Vegas (Figure 4-12 a). 
Given that the Las Vegas Valley is known as the fastest growing large 
metropolitan region in the U.S. (Gottdienet at al., 1999) a considerable change in 
land use and parcels for a short time period is expected. BASINS land use data 
resolution is inadequate for the SWAP since an inventory of current land uses 
within protection zones is needed. BASINS land use is reasonable for a general 
overview of Las Vegas land uses, or even some nonpoint source models that do 
not require a high level of detail.
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Nitrogen data presented on Figure 4-3c.
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Another weakness in BASINS Is the land use data. BASINS’s land use is not 
updated, and is less detailed than the one compiled from Las Vegas Assessor’s 
Office 2001 database (see Section 3.3). Figure 4-12 compares the two datasets.
X-
Figure 4-12 Las Vegas Valley land use data comparison. The left map (a)
shows BASINS land use and the right map (b) is the data compiled from 
2001 Clark County Assessor’s Office land use database.
The BASINS land use data are relatively old for Las Vegas (Figure 4-12 a). 
Given that the Las Vegas Valley is known as the fastest growing large 
metropolitan region in the U.S. (Gottdienet at al., 1999) a considerable change in 
land use and parcels for a short time period is expected. BASINS land use data 
resolution is inadequate for the SWAP since an inventory of current land uses 
within protection zones is needed. BASINS land use is reasonable for a general
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overview of Las Vegas land uses, or even some nonpoint source models that do 
not require a high level of detail.
Generally, BASINS’s ASSESS, TARGET, and Data Mining tools are useful for 
watershed management and source water protection zones when updated data 
sets are utilized. Even without this updated data, for some watersheds, the 
software is a useful tool for assessing watershed environmental problems.
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CHAPTER 5 
GIS NONPOINT SOURCE RUNOFF MODEL
5.1. Introduction
The next step in the SWAP is to estimate the nonpoint source pollutant loads 
and compare with loads from waste water treatment plants (WWTPs) discharges, 
the major point sources to Lake Mead. Uncertainties about nonpoint source 
make load estimation a more difficult task than the identification of point sources, 
which are well defined.
In this thesis, a GIS model based on the Simple Method (Schueler, 1987) is 
used to better understand how nonpoint sources contribute to total pollutant 
loads in Lake Mead. It should be noted that the MWH (2001) report presents a 
Constituent Load Model that was based on the Simple Method (Schueler, 1987). 
In this study, improvements are made in six key areas:
1. Precipitation interpolation was accomplished using the Inverse 
Distance Weighting method (see Section 3.2.3.)
2. 2001 land use was obtained from the Assessor’s Parcel data and used 
in the model (see Section 3.3.)
3. Storm flow was estimated using an objective procedure that subtracts 
base flow (see Section 5.3.2.)
94
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4. Calibration of the runoff coefficients was based on the gage storm flow 
data (see Section 5.3.2.1.)
5. Calibration of pollutant concentrations was performed using Linear 
Programming that considers stormwater runoff from different land uses 
(see Sections 5.3.2. and 5.3.4.)
6. The model was run at a monthly time scale for the years of 2000 and 
2001 (see Chapter 6)
The available water quality data described in Section 3.4. were used for 
calibration of two different scenarios. The first scenario is a retrospective model 
for 2000 and 2001 that quantifies nonpoint pollutant loads to Lake Mead for these 
years. The second scenario is a general model that uses median rainfall depth, 
runoff coefficients, and pollutant concentrations computed from several years of 
data. This model is then used to assess nonpoint pollutant loads under different 
climatic conditions.
5.2. The Simple Method 
Monthly and annual loads of nutrients. Total Nitrogen (TN) and Total 
Phosphorus (TP), and Total Suspended Solids (TSS) were estimated with the 
GIS model. For this study, a simple model was selected since monthly and 
annual loads are estimated, and the watershed does not have adequate water 
quality data that would support the use of a complex model.
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There are two steps in the Simple Method. First, runoff coefficients Rn are 
estimated with the following equation based on land use percent imperviousness 
(Schueler, 1987):
R n= 0.05 + 0.009( In ) (5-1)
Where Rn is the runoff coefficient (the fraction of rainfall that is converted into 
runoff volume) for land use n, and In is the percent of area that is impervious for 
each land use n.
Percentage area of impervious values were obtained from the Clark County 
Regional Flood Control District Hydrologie Criteria and Drainage Design Manual 
(CCRFCD, 1999), and are presented in Table 5-1. The coefficients were revised 
for business areas and roads. For the business areas, there are two values 
available: 95% for downtown areas and 70% for neighborhood areas. An 
intermediate value of 85% was selected based on the study by MWH (2001). 
Roads have a 100% impervious value for paved and 20% for gravel. A 90% 
impervious value was chosen for roads accounting for roadside, swales, and 
right-of-way. It is noteworthy that the runoff coefficient for the desert areas is low 
(0.05), even though flash floods occur in the valley. Further studies on desert 
runoff coefficients should be considered for the Las Vegas Valley since some 
desert areas can form impermeable crusts due weathering.
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Table 5-1 Runoff coefficient calculated by Schueler equation (5-1) using land 
use percent area of impervious values from Clark County Regional Flood 
Control District Hydrologie Criteria and Drainage Design Manual 
(CCRFCD, 1999)
Land Use
Percent 
impervious (%)
Base runoff coefficient 
from Schueler equation
Highway/Roads 90 0.86
Commercial 85 0.82
Industrial 72 0.70
Public Land 55 0.55
Residential 38 0.39
Park/Golf Course 5 0.10
Undeveloped/Natural Desert 0 0.05
The second step in the Simple Method is the load estimation. The load for 
each cell is the product of a grid containing rainfall interpolated data, another grid 
containing runoff and pollutant concentration values, and a coefficient for unit 
correction. The load for each grid cell, as well as total loads are computed as:
> -n ,g  =
PgXPjXRn
12
xC ,xA x2 .7 2  (5-2)
7  4 ,4 0 9 ,7 5 1
L = Z  E  U,. (5-3)
n=1 g=1
Where n represents the land uses from 1 to 7 (seven land use categories), g 
represents the grid cells from 1 to 4,409,751 (watershed number of grid cells), 
Ln,g is the pollutant load (lbs) for the grid cell g and land use n, Pg is the
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precipitation depth (in) for grid cell g for the time scale assumed (monthly and 
annual values), Pj is the storm correction factor, Rn is the runoff coefficient of 
from land use n. Cn is the pollutant concentration (mg/l) for land use n, A is the 
area (acres) of the respective grid cell, and 12 and 2.72 are unit conversion 
factors. L is the total load for the study area.
GIS was used to apply equation (5-2) to each of the 4,409,751 grid cells (30 
meter x 30 meter = 900 m^) in the watershed, and the result of the sum of all 
cells is represented by equation 5-3. The sources of input data for each variable, 
rainfall, pollutant concentration, and runoff coefficient are described in the 
following section.
5.3. Model Data
5.3.1 Precipitation (P)
The rainfall data obtained at the Clark County Regional Flood Control District 
web site (http://www.ccrfcd.org/) are part of the Flood Recognition Threat 
System. Average annual rainfall for the lower elevations of the Las Vegas Valley 
is approximately four to five inches per year. Data from 121 stations were 
retrieved on a monthly basis for the years of 2000 and 2001, and on an annual 
basis from 1991 to 2001. These data are presented in Appendix F. The spatial 
distribution of rainfall was then accomplished by using the Inverse Distance 
Weighted (IDW) procedure, previously described in Section 3.2.3.
The IDW method was used to determine annual and monthly rainfall amounts 
for each grid cell. First, a total of 11 grid rainfall maps representing yearly rainfall
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data from 1991 to 2001 were generated. Table 5-2 presents the yearly rainfall 
averages and volumes for the entire Las Vegas Valley watershed calculated from 
the interpolated rainfall data. Next, the IDW method was used to generate 24 
maps of monthly rainfall for the years of 2000 and 2001 within the boundaries of 
the Las Vagas Valley watershed. Annual precipitation averages calculated from 
the rainfall interpolation are also used to calibrate and to calculate runoff 
coefficients presented in Section 5.3.3.
Table 5-2 Yearly rainfall averages for the Las Vegas Valley Watershed
calculated from the interpolated rainfall data and rainfall volume obtained 
based on watershed area.
Y ear Annual rainfall (in) Rainfall volume (ac-ft)
1991 4.5 366,260
1992 9.7 788,555
1993 5.3 428,792
1994 3.2 258,250
1995 4.4 355,703
1996 2.5 203,027
1997 4.0 326,467
1998 6.9 561,165
1999 3.1 250,941
2000 3.5 282,613
2001 4.1 328,903
Data presented in Table 5-2 provide an overview of rainfall amounts for the 
different years; however, it is important to consider not only the annual rainfall, 
but also the rainfall spatial distribution, as it is the only variable that changes in
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the model for each month and year. Figure 5-1 illustrates Las Vegas rainfall 
spatial variability by showing rainfall distribution for different years (1992, 1996, 
1997, 1999, 2000). Pollutant concentrations and runoff coefficients remain 
constant for all months of the two years, and are associated with land use 
categories.
5.3.2 Storm Correction Factor (Pj)
After obtaining the total rainfall volumes (Table 5-2), the next step in the 
model setup was to define the percentage of rainfall converted into runoff. In the 
Simple Method, the storm correction factor and the runoff coefficient define the 
runoff volume.
Uncertainty in the selection of a storm correction factor exists. For the Las 
Vegas Valley, there is no previous study that defines one value for this 
coefficient. Usually a value of 0.9 is used; this means 90% of the storms in a 
given time period generate runoff. In this thesis, the runoff coefficients were 
calibrated based on measured stormwater runoff volumes, thus it was not 
necessary to use a correction factor (i.e., a value of one is used).
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Figure 5-1 Precipitation variability (spatial and quantity) based on Las Vegas 
Valley rainfall distribution maps for the years of 1992, 1996, 1997, 1999, 
and 2000.
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5.3.3 Runoff Coefficient (R)
5.3.3.1 Calibration
There are several methods for estimating the runoff coefficient. Four options 
were considered.
1. The base runoff coefficient obtained from Schueler equation (5-1) with 
land use impervious percentages from the Clark County Regional Flood 
Control District Hydrologie Criteria and Drainage Design Manual 
presented in Table 5-1.
2. Average or median of adjusted runoff coefficients from 1991-2000 from 
the MWH (2001) report.
3. Base runoff coefficient from equation 5-1 adjusted by the ratio of 
measured stormwater volume by calculated stormwater volume (yearly 
rainfall average x watershed area x base runoff coefficient).
4. Base runoff coefficient adjusted by the coefficient calculated in item 3; 
however, in this case yearly distributed rainfall from IDW interpolations are 
used instead of yearly rainfall average.
The fourth option was chosen. It accounts for land use and rainfall spatial 
distribution to adjust base runoff coefficients for the Las Vegas Valley conditions. 
Following is a detailed description of the fourth option and the runoff coefficient 
calibration.
The base runoff coefficient, which depends on the imperviousness of the land 
use, is estimated by Schueler’s formula (5.1). However, base runoff coefficients
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calculated from that formula are not always applicable, especially when observed 
rainfall and runoff data are available, and runoff coefficients can be calibrated for 
local conditions such as in the Las Vegas Valley watershed.
Two sets of data are necessary in order to calibrate runoff coefficients for the 
Las Vegas Valley conditions.
• Measured stormwater flow on a yearly basis, from gage stations
• Calculated stormwater runoff obtained from Schueler’s base runoff 
coefficients and the interpolated rainfall data
The measured stormwater volume (Vm) was calculated from observed runoff 
data in the Las Vegas Wash. Flow data were obtained from U.S. Geological 
Survey (USGS) stations 09419756 (Las Vegas Wash Overflow at Lake Las 
Vegas Inlet) and 09419790 (Las Vegas Wash below Lake Las Vegas) shown in 
Figure 3-8. The sum of the two stations’ flows represents the combination of (1) 
WWTP flows, (2) stormwater, and (3) dry weather nonpoint source flow. 
Stormwater volume was calculated by subtracting the base flow (as determined 
with a 30 day moving average) from the total measured flow. The values for Vm 
volumes are presented in Table 5-3b for each year since 1992.
A GIS tool (map calculator) was used to calculate stormwater runoff (Vc) 
using the Schueler base coefficients. Yearly precipitation grids were multiplied by 
a grid containing base runoff coefficients for each land use and grid cell area, 
resulting in stormwater runoff. The values for each grid were then summed so 
that the total stormwater volume (Vc) for each year could be obtained (see Table 
5-3c). The volumes from Schueler’s equation are overestimated when compared
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to measured stormwater volumes (Table 5-3b and c). Thus, an adjustment factor 
Is needed. The adjustment factor (Af) is calculated as:
Af = ^  (5-4)
Vc
The adjustment factor was calculated for each year and is presented in Table
5-3d. The adjustment factor median presented at the bottom of Table 5-3d was 
used to adjust base runoff coefficient values for different land uses, so that the 
total flows from the model would be the same as the measured flow. Base 
coefficients from all land uses were multiplied by the adjustment factor. Table 5-4 
shows the base coefficient as suggested by Schueler (1987) and the calibrated 
runoff coefficients as a function of land use.
The considerable difference between measured stormwater volumes and 
volumes calculated with the Schueler coefficients demonstrates the large amount 
of uncertainty in runoff coefficients for arid and semi arid regions such as Las 
Vegas Valley. To estimate total pollutant loads for the Las Vegas Valley the 
adjustment of all land uses runoff coefficients by one number is reasonable; 
However, a better calibration is required for study focused on land use correlation 
with runoff volumes.
It should be noted that all runoff calibration procedures used 2001 land use, 
thus the estimated runoff might be slightly overestimated for years prior to 2000 
due to land use changes.
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Table 5-3 Stormwater volumes for 1992 to 2001. Calculated stormwater uses 
the base runoff coefficient and interpolated rainfall. The Adjustment factor 
(Af) is calculated as the ratio between c and b.
(a) (b)
Measured
(c) (d)
stormwater volume Calculated stormwater
Year (Vm) (ac-ft) volume (Vc) (ac-ft) Af (c/b)
1992 9696 108507 0.089
1993 3604 59326 0.061
1994 1968 34082 0.058
1995 6047 44448 0.136
1996 2203 24069 0.092
1997 9439 45116 0.209
1998 17121 77663 0.220
1999 15322 34521 0.444
2000 7290 35638 0.205
2001 5937 44957 0.132
Median 6668.5 0.134
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Table 5-4 Comparison of runoff coefficients using (b) the base runoff coefficient from the
Schueler equation, (c) the calibrated runoff coefficient, and the runoff coefficients adjusted for (d) 
2000 and (e) 2001.
(a) (b) (c) (d) (e)
Land Use
Base Runoff 
coefficient from 
Schueler equation
Runoff coefficient 
calibrated
Runoff coefficient 
calibrated 2000
Runoff coefficient 
calibrated 2001
COM 0.82 0.109 0.167 0.108
IND 0.70 0.094 0.143 0.092
PAR 0.10 0.013 0.019 0.013
PUB 0.55 0.073 0.111 0.072
RES 0.39 0.053 0.080 0.052
ROA 0.86 0.115 0.176 0.114
UNO 0.05 0.007 0.010 0.007
o
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5.3.3.2 Additional Runoff Analysis 
It is interesting to note whether there is a correlation between rainfall amounts 
and runoff coefficients. The rainfall depth and overall runoff coefficients (columns 
b and d in Table 5-5) were plotted in Figure 5-2. Initially, it was expected that the 
runoff coefficient would increase as the rainfall amount increases since soils 
would be more saturated at higher rainfall values. However, Figure 5-2 suggests 
that there is no relationship between annual rainfall and runoff coefficients in the 
Las Vegas Valley. The reason for no correlation might be due to excessive soil 
drying between infrequent rainfall events.
0.07
c 0.06 0)
Ô 0.05 4 
g 0.04 
^  0.03 -
g 0.02
Œ 0.01
0.00
0 2 4 6 8 10
Rainfall Depth (in)
Figure 5-2 Rainfall depth plotted against runoff coefficient for each year since 
1992. Values for the Las Vegas Valley.
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Table 5-5 Comparison of estimated and measured stormwater runoff for 
the entire watershed.
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(a) (b) (c) (d) (e) (f)
Year
Rainfall
depth
(in)
Rainfall 
volume (ac- 
ft)
Overall
Runoff
Coefficient
storm Runoff 
Calculated (c x
d)
Storm
Runoff
Measured
1991 4.5 366260 0.000 10019 n/a
1992 9.7 788555 0.012 21570 9696
1993 5.3 428792 0.008 11729 3604
1994 3.2 258250 0.008 7064 1968
1995 4.4 355703 0.017 9730 6047
1996 2.5 203027 0.011 5554 2203
1997 4.0 326467 0.029 8930 9439
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5.3.4 Pollutant Concentrations (On)
The pollutant concentrations used in this thesis were calibrated based on the 
medians obtained from the 1992-2001 data shown in Table 3-4. The calibrated 
pollutant concentrations were Total Nitrogen (TN), Total Phosphorus (TP), and 
Total Suspended Solids (TSS).
5.3.4.1 Linear Programming Formulation for Pollutant Concentration
Calibration
A linear programming (IP) tool (Solver extension in MS Excel) was used to 
calibrate Las Vegas Valley land use pollutant concentrations with available water 
quality data. The challenge in this LP problem is to use water quality data at 
stations that collect runoff from mixed land uses to derive pollutant concentration 
for individual land uses within the watershed draining to that water quality station.
The LP calibrates pollutant concentrations based on procedures described by 
Hodge and Armstrong (1993). The authors minimize the difference between 
measured and calculated pollutant loads by adjusting pollutant concentrations for 
different land uses.
A similar approach to Hodge and Armstrong (1993) is used here. The LP 
objective function minimizes the absolute value of error (E) defined as:
E= s ic„v„,„-|:cs„v„ (5-6)
m=1 n=1 m=1
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Where m represents the five water quality sample points (see Table 3-4), n 
represents the seven land use categories defined in Section 3-3, Cn represents 
the unknown pollutant concentration for land use n, Vn.m represents the runoff 
volume for land use n that drains to water quality station m. Cs is the median 
concentration at water quality station m, and Vm is the runoff volume that drains 
to water quality station m.
The LP objective function (equation 5-5) is composed of seven unknown 
variables (C n) that represent the pollutant concentration from different land uses; 
however, data from only five water quality stations (Csp) are available. Thus the 
system is underdetermined, and an LP is necessary to optimize land use 
pollutant concentrations by minimizing the error defined in 5-5. The LP 
constraints consist of minimum pollutant concentration values based on 
unpublished data (MWH, 2001) for the Southwest U.S. and summarized in Table
5-6. It is reasonable to assume these are minimum pollutant concentration values 
since the MWH (2001) calibrated values were always higher than historical 
Southwest U.S. values.
The median concentration at all water quality stations for all years was used 
to represent Csm in equation 5-5. These concentration values are presented in 
Tables 3-4, 3-5 and 3-6.
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Table 5-6 Minimum constraints used to calibrate Las Vegas Valley pollutant 
concentrations. These values are the base values for the southwest U.S. 
presented by MWH (2001).
Land Use TSS (mg/l)
Total
Nitrogen
(mg/l)
Total
Phosphorous
(mg/l)
COM 76 4.99 0.49
IND 316 4.59 0.77
PAR 126 3.07 0.09
PUB 268 4.21 0.60
RES 118 4.27 0.46
RCA 605 5.40 0.60
UNO 90 1.46 0.20
The runoff volumes Vn,m and Vm were also calibrated with an LP procedure. 
The objective function to estimate runoff volumes for Vn,m and Vm is the following:
i  E P ,„ L U , , jR ,  =  V t  (5 -6 )
j=1 n=1
Where Pvoi, is the watershed precipitation volume, LUnj is the percentage of area 
in land use n and subwatershed j, Rn is the calibrated runoff coefficient for land 
use n (see Table 5-4), and Vt is the known watershed stormwater volume 
calculated in Table 5-3b. Pvoi is the unknown variable and is calculated using the 
objective function in 5-6. The only constraints are non-negative values for Pvoi.
Using the Pvoi calculated in the LP, Vp,m and Vm were calculated as follows:
Vn,m =  Pvol LUn.m Rn (5 -7 )
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V „ = E V „  (5-8)
n=1
S.3.4.2 Results of the Calibration 
The pollutant concentration for the seven land uses based on the LP are 
presented in Table 5-7. Although the LP was only constrained with minimum 
values and not with maximum values, the calculated concentration of each land 
use was only slightly higher than the minimum values (Table 5-6). However, the 
undeveloped land use concentrations were much higher than the minimum 
values for all three pollutants.
The Las Vegas Valley has high concentrations of TSS (Table 5-7) when 
compared with other U.S. locations as shown in Table 2-6. High estimated values 
of TSS is expected from undeveloped areas, however it should be further 
investigated.
Table 5-7 Calibrated pollutant concentrations for each land use based on 
median 1992-2001 measured concentrations.
Land use TSS (mg/l)
Total
Nitrogen
(mg/l)
Total
Phosphorous
(mg/l)
COM 80 5.7 0.75
IND 316 4.8 1.04
PAR 126 3.6 0.47
PUB 726 4.2 0.66
RES 118 5.8 0.47
ROA 1150 8.4 0.89
UNO 4838 13.3 3.42
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Table 5-8 presents a comparison between the sum of pollutant loads based 
on measured data from the five water quality stations, and the sum of the 
pollutant loads calculated with the LP solution. All the pollutant loads with the 
calibrated concentrations are within 10% of the measured pollutant loads.
Table 5-8 Comparison between the sum of pollutant loads based on
measured data from the five water quality stations, and the sum of the 
pollutant loads calculated with the LP solution for 2001
Total TSS
(tons) Total N (tons) Total P (tons)
Sum of measured 
loads
13386 65.26 11.29
Sum of loads using
LP results for 14647 63 12
concentrations
Difference of the 
sums
1261 2 0
Difference in % 9% 3% 4%
Overestimate Underestimate Overestimate
5.3.5 Land use Attribute Table and Area (Ai)
In this model, runoff coefficients and pollutant concentrations are associated 
with different land uses. The land use vector files from each subwatershed were 
converted to one 30 x 30 meter resolution raster file; thus the area used in 
equation 5.2 is 900 Km^. Figure 5-3 shows an example of a small urban area 
(mostly residential with a golf course) where land use parcels (left side) are 
compared with the 30 x 30 meter raster file (right side). The 30 x 30 meter
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resolution was reasonable to work with, considering the computer processing 
time and grid resolution compared with real parcel size.
A table of pollutant load coefficients and runoff coefficients was associated 
with a land use grid attribute table so that each grid cell would have an individual 
runoff coefficient and pollutant concentration coefficient. Figure 5-4 illustrates the 
information included in the attribute table associated with the land use grid file
• Y  *
] M ete rs
0 250 500 1,000 1,500
Figure 5-3 Vector land use parcel data (left) compared with the 30 meter 
resolution raster data (right).
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Runoff coefficient Rn (Calibrated, 2000, and 2001) 
Pollutant concentration On (TSS, TN, TP)
Figure 5-4 illustration of the data attributed to a land use grid cell, runoff
coefficient Rn (calibrated for 1992-2001, 2000, and 2001) for land use n, 
and pollutant concentration Cn for TSS, TN, and TP for land use n.
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CHAPTER 6
GIS MODEL RESULTS
This chapter presents the results of the G IS model applied to the Las Vegas 
Valley for the years 2000 and 2001. The results of the nonpoint source loads for 
these years will be compared to WWTP loads. Another analysis is a general 
nonpoint source model that uses calibrated runoff coefficient values for land uses 
(described in Section 5.3.3.1.) and pollutant concentrations calibrated for the Las 
Vegas Valley climate conditions (described in Section 5.3.4.). The model is run 
for the years of 1992 and 1996 as these years had respectively the highest and 
the lowest rainfall amounts since 1991 (see Table 5-2). The results from 1992 
and 1996 represent the highest and the lowest pollutant loads for the 1991-2001 
time period. This general model is useful for planning purposes and for 
estimating future nonpoint source pollutant loads that might impact Lake Mead 
and eventually the source water intake point.
6.1. Description of Scenarios 
Table 6-1 summarizes the different scenarios used in the GIS model and how 
the parameters varied for each scenario. The results for each scenario are 
described in the following sections.
116
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Table 6-1 Four different scenarios used to model nonpoint source loads and 
the respective input data used for each scenario.
Scenarios
Data 2000 2001 Maximum Minimum
Precipitation
Interpolated 
data from 
2000
Interpolated 
data from 
2001
Interpolated 
data from 
1992
Interpolated 
data from 
1996
Runoff coefficient Calibrated with 
2000 runoff 
volume
Calibrated with 
2001 runoff 
volume
Calibrated for 
1992-2001 
period
Calibrated for 
1992-2001 
period
Concentration Calibrated with 
available data
Calibrated with Calibrated with Calibrated with 
available data available data available data
Table 6-2 Data used in GIS to calculate the nonpoint source pollutant loads 
for the Las Vegas Valley.
Runoff
Coefficient Pollutant Coefficients
(a)
Land
use
(b)
Runoff 
coefficient (1992- 
2001)
(c)
2000
runoff
(d)
2001
runoff
(e)
TSS
mg/l
(0 (9)
TN mg/l TP mg/l
COM 0.109 0.167 0.108 80 5.7 0.748
IND 0.093 0.143 0.092 316 4.8 1.036
PAR 0.012 0.019 0.013 126 3.6 0.471
PUB 0.073 0.111 0.072 726 4.2 0.658
RES 0.052 0.080 0.052 118 5.8 0.468
ROA 0.115 0.176 0.114 1150 8.4 0.889
UNO 0.006 0.010 0.007 4834 13.3 3.419
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Table 6-2 presents the values that were used in ArcView’s Map Calculator to 
obtain the total pollutant loads for the Las Vegas Valley. In addition to the values 
in Table 6-2, the rainfall grid for the different years and months were used. Table
6-2 was linked to the land use grid attribute table; therefore, all values in Table 6- 
2 are linked to a land use grid cell.
6.2. 2000 and 2001 Results
6.2.1 Annual and Monthly Loads
The 2000 and 2001 scenarios are very similar; the common parameters 
between both models are the calibrated pollutant concentrations (Table 6-2 e, f 
and g). Parameters that were used along with the calibrated pollutant 
concentrations include 2000 and 2001 interpolated annual rainfall data (Figure 6- 
1 for 2000 and Figure 6-2 for 2001), and the runoff coefficients, which were 
calibrated for each year (Table 6-2c and d).
The results for the monthly and annual model are presented in Table 6-3. The 
model considers just nonpoint source runoff during wet weather; therefore, the 
pollutant loads will vary according to the amount of rainfall in each month.
Total annual rainfall for 2000 and 2001 were similar for much of the 
watershed; however, there were small variations in the spatial distribution of 
precipitation that can be seen in Figures 6-1 and 6-2. The Gowan Basin received 
more rainfall in 2000 than 2001. In 2001, the southern subwatersheds of Duck 
Creek, Pittman Wash, and 01 Channel received more rainfall than 2000. 
Regardless, different spatial distribution of rainfall between 2000 and 2001 did
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not result in a large change of the proportion of runoff from the different land 
uses.
2000
Legend
Annual Rainfall (in)
2 . 2 -  2.6
2.7- 3.8
3.9- 3.9
4-4.5
4.6- 5
i SB
Figure 6-1 IDW interpolation of Las Vegas Valley annual rainfall (inches) for 
the Year 2000.
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2001
Legend
Annual Rainfall
I I 2 - 2 . 1
M  2.2 - 2.6
S 2.7- 3.8
3.9- 3.9 
4-4.5 
4.6- 5 
5.1 - 5.5
Figure 6-2 IDW interpolation of Las Vegas Valley annual rainfall inches for the 
Year 2001
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Table 6-3 Monthly wet weather nonpoint source pollutant loads for 2000 and 
2001, for Total Suspended Solids (TSS), Total Nitrogen (TN), and Total 
Phosphorus (TP) in the Las Vegas Valley.
2000 2001
(a)
Month
(b) 
TSS lbs
(c) 
TN lbs
(d) 
TP lbs
(e) 
TSS lbs
(f)
TN lbs
(g)
TP lbs
Jan 245,456 736 176 6,341,514 28,238 5,164
Feb 17,355,036 76,252 14,083 12,678,202 59,964 10,576
Mar 4,117,031 16,578 3,233 1,479,419 6,443 1,191
Apr 54,117 183 40 546,817 1,929 409
May 31,408 91 22 116,749 410 88
Jun 16,382 101 15 1,481 17 2
Jui 156,592 1,019 149 2,404,760 9,928 1,908
Aug 9,019,535 39,579 7,293 1,512,932 5,939 1,188
Sep 4,275 40 5 63,383 256 50
Oct 5,242,617 29,192 5,210 77,032 228 55
Nov 14,482 72 12 1,078,353 4,690 871
Dec 49,959 189 38 359,549 1,846 308
Total lbs 37,306,890 164,032 30,277 26,660,191 119,888 21,812
Tons 18,653 82 15 13,330 60 11
Metric t 16,922 74 14 12,093 54 10
6.2.2 Comparison to WWTP loads 
Total nonpoint source loads to Lake Mead are due to flows during wet and 
dry weather. The wet weather nonpoint source loads are calculated using the 
GIS model. The dry weather loads were obtained from Piechota et al. (2002). 
Concentrations of TP and TN vary widely for different areas of the Las Vegas 
Valley and for different times of the year, so a range of values was used to 
determine the dry weather load contribution. Table 6-4 summarizes the range of 
dry weather non point source loads for TP and TN.
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Table 6-4 Dry weather nonpoint source loads from the Las Vegas Valley
based on varying levels of concentrations (from Piechota et al., 2002)
_______ TN in (lbs)__________________TP in (lbs)__________
at different concentrations at different concentrations in 
in (mg/L) (mg/L)
Year 3 mg/L 6 mg/L 9 mg/L 0.05 mg/L 0.10 mg/L 0.15 mg/L
1995 136,467 272,934 409,401 2,274 4,549 6,823
1996 148,679 297,358 446,037 2,478 4,956 7,434
1997 186,048 372,096 558,143 3,101 6,202 9,302
1998 165,578 331,156 496,734 2,760 5,519 8,279
1999 144,004 288,007 432,011 2,400 4,800 7,200
2000 61,754 123,508 185,263 1,029 2,058 3,088
The contributions of nonpoint source loads (wet and dry weather) in 2000 and 
2001 are compared to flows from the three waste water treatment plants 
(WWTPs) in Table 6-5 and Figures 6-3 and 6-4. The total nonpoint load of TN is 
approximately 4% of the total load (point and nonpoint) to Lake Mead. Possible 
sources of TN include naturally occurring high levels of nitrate and impacts due 
to the approximately 16,000 septic systems in the Las Vegas Valley. The TP load 
is primarily from wet weather flows and total nonpoint source TP loads are 
approximately 23% of the total TP load to Lake Mead.
A closer evaluation of the nonpoint source nutrient loads on a monthly basis 
is presented in Figure 6-3 and Figure 6-4. A monthly evaluation is important for 
identifying important times of the year when nonpoint loads are high and how 
these loads compare to WWTP loads.
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Table 6-5 Comparison of total loads for nutrients In 2000. Dry weather load 
estimates are based on an assumed TN = 6 mg/l and TP = 0.10 mg/l (from 
Pieohota et al., 2002).
(a) (b) (0) (d)
Point Load
__________ Nonpoint_______________from
Wet Dry
Weather Weather Total WWTP 
Pollutant/Year (lbs) (lbs) (lbs) (lbs)
Total Nitrogen (T N )/2000 164,032 123,508 287,540 7,101,089
Total Phosptiorous(TP)/ 2000_________ 30,277_______2,058 32,335___________141,095
During both years (2000 and 2001), the nutrient (TN and TP) loads in the 
winter are higher than other times of the year. TN loads are relatively low 
compared to those from WWTP (Figure 6-3) Thus, it is more reasonable to 
control point sources of TN then nonpoint sources (nonpoint contribution is less 
than 10% of the total). For TP, the high TP loads in the summer of 2000 are 
followed by high TP loads in winter 2001. This is significant in identifying possible 
factors of the spring 2001 algal bloom in Lake Mead. Wet weather winter 
nonpoint TP loads for 2000 and 2001 approach the current seasonal (from Maroh 
to October) permit level for the WWTPs (334 lbs/day, or 10,000 lbs/month), and 
also exceeds the amount assumed by NDEP for nonpoint sources (100 lbs/day, 
or 3000 lbs/month).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
124
Total Nitrogen
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— 400 - 
o
300 -
200  -
100  -
i!#mm Nonpoint (Dry)
■ ■ I  Nonpoint (Wet)
  Point (WWTP)
Figure 6-3 Nonpoint and Point source monthly loads for Total Nitrogen for 
2001 and 2001.
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Total Phosphorus
35000
30000 -
25000 -
20000 
q 15000
10000  -
5000 -
onth WWTP permit
■ ■ ■  Nonpoint (Dry)
W a #  Nonpoint (Wet)
  Point (WWTP)
  3000 lbs/month NDEP assumed nonpoint threshhold
Figure 6-4 Nonpoint and Point source monthly loads for Total Phosphorus for 
2001 and 2001. Current level of nonpoint source ioads assumed by NDEP 
is indicated by the horizontal line (100 lbs/day, or 3000 lbs/month).
6.2.3 Contributions from Subwatersheds and Land Uses 
An important consideration is the contribution that each subwatershed in the 
Las Vegas Valley makes to the total nonpoint source loads. Tables 6-6, 6-7 and
6-8 present the pollution contributions from the individual subwatersheds in 
descending order as load per unit area (Ibs/ac). The same load/area analysis is
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shown in Figures 6-5 to 6-10. In Table 6-6, the high concentrations of TN 
occurred in the highly developed watersheds of Central Basin (CEN), Lower 
Wash Basin (LOW), Flamingo/Tropicana Wash (FLA) and Gowan (GOW). This 
same trend occurs in TP loads presented in Table 6-7.
The urban subwatersheds of Gowan, Lower Wash and Central (See Table 6- 
6, 6-7 and 6-8) have the highest loading values per unit area (see Figures 6-5, 6- 
6, 6-7, 6-8, 6-9, and 6-10) and are the most critical for controlling the total loads 
from the watershed. This is expected from urban watersheds where high 
concentrations of pollutants are present due to high runoff values and pollutant 
wash off that originate from highly impervious areas.
It is also noteworthy that there are low pollutant concentrations in the northern 
subwatersheds (North Basin and Range Wash) in Year 2001 (see Figures 6-6, 6- 
8, and 6-10). These areas received less rainfall than other areas in 2001.
Tabie 6-6 Total Nitrogen(TN) contributions from the individual subwatersheds 
in descending order of concentration as load per unit area (Ibs/ac).
Total Nitrogen (lbs/acre) 
Order 2000 2001
1st CEN 0.39 CEN 0.32
2nd GOW 0.26 LOW 0.22
3rd LOW 0.23 FLA 0.19
4th FLA 0.19 GOW 0.18
5th RAN 0.18 PIT 0.16
6th DUG 0.17 C l 0.16
7th PIT 0.16 DUC 0.15
8th 01 0.14 RAN 0.12
9th NOR 0.12 NOR 0.08
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Table 6-7 Total Phosphorus (TP) contributions from the individual
subwatersheds in descending order of concentration as load per unit area 
(Ibs/ac).
Total Phosphorous (lbs/acre) 
Order 2000 2001
1st CEN 0.045 LOW 0.037
2nd LOW 0.039 CEN 0.036
3rd GOW 0.037 FLA 0.031
4th FLA 0.034 PIT 0.028
5th RAN 0.031 C l 0.027
6th DUO 0.031 DUC 0.026
7th NOR 0.028 GOW 0.025
8th PIT 0.027 RAN 0.021
9th 01 0.023 NOR 0.018
Table 6-8 Total Suspended Solids (TSS) contributions from the individual
subwatersheds in descending order of concentration as load per unit area 
(ibs/ac).
Total Suspended Solids (lbs/acre)
Order 2000 2001
1st GOW 41.3 FLA 36.1
2nd FLA 39.8 PIT 32.6
3rd NOR 38.1 01 31.8
4th DUO 37.3 DUO 31.8
5th RAN 36.0 GOW 27.6
6th CEN 34.2 CEN 27.3
7th PIT 31.3 LOW 27.1
8th LOW 28.2 RAN 24.5
9th 01 26.9 NOR 24.1
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Legend 
TN 2000 (Ibs/ac)
0 - 0.06
0.07 - 0.25
0.26 - 0.44
0.45-1.62
Figure 6-5 Spatial distribution of Total Nitrogen (TN) loads (Ibs/ac) for the 
entire Las Vegas Valiey for the Year 2000. Legend is divided into four 
intervals of one standard deviation each.
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a
Legend 
TN 2001 (Ibs/ac
0-0 .03
0.04-0,20
0.21 - 0.37
0.38 - 0.54
0.55-4.07
Figure 6-6 Spatial distribution of Total Nitrogen (TN) loads (Ibs/ac) for the 
entire Las Vegas Valley for the Year 2001. Legend is divided into five 
intervals of one standard deviation each.
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GOW
Legend
TP 2000 (Ibs/ac)
0 - 0.00
0.01 -  0.02
0.03 - 0.04
0.05 - 0.06
0.07-0.17
Figure 6-7 Spatial distribution of Total Phosphorus (TP) loads (Ibs/ac) for the 
entire Las Vegas Valley for the Year 2000. Legend is divided into five 
intervals of one standard deviation each.
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Legend
TP 2001 (Ibs/ac)
0 - 0.01 
0.02-0.03  
0.04-0.05  
0.06-0.06  
0.07 - 0.43
Figure 6-8 Spatial distribution of Total Phosphorus (TP) loads (Ibs/ac) for the 
entire Las Vegas Valley for the Year 2001. Legend is divided into five 
intervals of one standard deviation each.
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GOW
Legend
TSS 2000 lbs/ad 
0 - 2.1 
2.2 - 25
2 6 -4 8  
.oamm 49 - 71
72 - 220
Figure 6-9 Spatial distribution of Total Suspended Solids (TSS) loads (Ibs/ac) 
for the entire Las Vegas Valley for the Year 2000. Legend is divided into 
five intervals of one standard deviation each.
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Legend
TSS 2001 Ibs/ac
0 -1 7
1 8 -37
3 8 -5 7
5 8 -7 7
78 - 560
Figure 6-10 Spatial distribution of Total Suspended Solids (TSS) loads (Ibs/ac) 
for the entire Las Vegas Valley for the Year 2001. Legend is divided into 
five intervals of one standard deviation each.
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Total Nitrogen
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Figure 6-11 Land use percentage contributions of the total Nitrogen load 
generated in 2000 and 2001.
Total Phosphorous
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Figure 6-12 Land use percentage contributions of the total Phosphorus load 
generated in 2000 and 2001.
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The GIS model was also used to track the contribution of different land uses 
to the total annual nutrient loads. Figure 6-11 presents a summary of the Total 
Nitrogen load contributions from each land use for 2000 and 2001. Figure 6-12 
presents a summary of the Total Phosphorus load contributions from each land 
use for 2000 and 2001.
From Figures 6-11 and 6-12, it is noteworthy that approximately 25% of the 
IN  load and 18% of the TP load is from roads/highways. Sources of nutrients 
from roads/highways include the adjacent right of way, which is included in the 
“roads” land use category. Runoff from irrigated landscape areas may 
accumulate nutrients on the road surface and then get washed off during storm 
events. This issue warrants further study.
6.2.4 Pollutant Loads Within Source Water Protection Zones 
For purposes of source water protection, it is interesting to know the pollutant 
loading originating from the source water protection zones. Table 6-9 presents 
nonpoint source pollutant loads within the source water protection zones. In 
2000-2001, approximately 10% of the nonpoint TN load in the Las Vegas Valley 
originated in the source water protection Zones A and B, which together 
represent approximately 4.7% of the total Las Vegas Valley watershed area 
(Table 6-10). Approximately 7% (Table 6-9) of the TP load in the Las Vegas 
Valley originated in the source water protections zones A and B. The 4-5% of 
TSS loads generated in the source water protection Zones A and B is 
proportional to the contributing area of the zones. Therefore, a close evaluation
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Table 6-9 Nonpoint source pollutant loads within the source water 
protection Zones A and B and the respective percentage of total loads for 
the entire watershed.
Protection
Zones
Pollutant/year
A
Percentage of total 
load and load in 
pounds
B
Percentage of total 
load and load in 
pounds
A+B
Percentage of total 
load and load in 
pounds
TN 2000 1.8% 2922 8.7% 13765 10.5% 16687
TN 2001 1.9% 2403 9.1% 11467 11.0% 13870
TP 2000 1.2% 351 5.5% 1631 6.7% 1982
TP 2001 1.3% 289 6.0% 1360 7.3% 1649
TSS 2000 0.8% 303351 3.5% 1276560 4.3% 1579911
TSS 2001 0.9% 253173 3.9% 1075540 4.8% 1328713
03
03
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should be considered for nutrient (TN and TP) control within the source water 
protection zones.
Table 6-10 Percent area of the entire Las Vegas Valley that are inside the 
source water Protection Zones A and B.
Protection Zone A B A-t-B
Percent area from the 0.8% 3.9% 4.7%
entire watershed
6.2.5 Comparison Using Calibrated And Historical Concentrations 
It is interesting to compare the total loads obtained using the calibrated 
pollutant concentrations (Table 5-7) versus the total loads obtained using the 
historical values presented in Table 5-6.
As expected, the total loads using historical base pollutant coefficients for the 
Southwest U.S. (MWH, 2001) are much lower than the loads estimated by 
median Las Vegas Valley concentrations (Table 6-12). TN loads using calibrated 
concentrations are four times higher than loads using base pollutant 
concentrations. TSS loads are ten times higher when the calibrated Las Vegas 
Valley concentrations are used. This result demonstrates the importance of 
obtaining pollutant concentrations for specific locations. It is clear that the Las 
Vegas Valley has much higher pollutant concentrations than other regions.
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Table 6-11 Comparison of (a) loads using unpublished base pollutant 
concentrations for the Southwest U.S. and (b) loads using calibrated 
pollutant concentrations for the Las Vegas Valley and 2000 stormwater 
runoff.
i§ )_______________
Load (calibrated)
Pollutant Load (base) (lbs) (lbs)
Total Nitrogen (TN) 42,419 162,605
Total Phosphorous (TP) 9,942 24,700
Total Suspended Solids (TSS) 2,935,312 32,212,290
Note: Calculations were based on 2000 runoff (7,569 ac-ft)
6.3. Pollutant Loads Under Different Climate Conditions 
The final analysis is meant to provide the upper and the lower range of 
expected pollutant loads. Two extremes were modeled, the year of 1992, which 
had the highest annual precipitation amount since 1991, and the year of 1996 
with the lowest precipitation amount since 1991. For these two scenarios, the 
precipitation was calculated by interpolating values from rainfall stations for each 
year, 1992 (Figure 6-13) and 1996 (Figure 6-14). The runoff coefficients were the 
calibrated values shown in Table 5-4d.
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Figure 6-13 IDW interpolation of Las Vegas Valley annual rainfall inches for the 
Year 1992.
Table 6-12 shows the estimated total pollutant loads for the year of 1992 and 
1996, which are expected to be the highest and the lowest values since 1991 
respectively. Table 6-13 summarizes the results of all four scenarios described 
above plus the corresponding annual watershed average precipitation for the 
year.
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Figure 6-14 IDW interpolation of Las Vegas Valley annual rainfall inches for the 
Year 1996.
In general, pollutant loads increase as rainfall increases, however, this was 
not the case for 2000 and 2001. A possible cause for this discrepancy is the 
spatial variability in the rainfall. A significant spatial difference in rainfall 
distribution can be seen when 2001 and 2000 rainfall maps are compared.
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Table 6-12 Total pollutants loads for the years of 1992 and 1996.
Years TSS TN TP
Total Loads for Year
1992 (lbs) 61,383,196 292,650 51,283
Total Loads for Year
1996 (lbs) 15,609,807 67,861 12,580
Table 6-13 Summary of maximum (1992), minimum (1996), and 2000 and 
2001 pollutant loads for the Las Vegas Valley.
Year
watershed annual 
average rainfall 
(in) TSS (lbs) TN (lbs) TP (lbs)
1992 9.7 61,383,196 292,650 51,283
1996 2.5 15,609,807 67,861 12,580
2000 3.5 36,306,890 164,032 30,277
2001 4.1 26,660,191 119,888 21,812
Although 2000 has a lower watershed rainfall average when compared 
with 2001, the northern watersheds received more rain in 2000 than in 2001. 
These watersheds have large undeveloped areas, which suggest high 
concentrations of suspended solids.
Rainfall spatial variability is not the only variable responsible for load 
differences. Another variable to be considered is the pollutant build up and 
pollutant wash off. Although this thesis does not model these variables (it is 
concerned mostly with annual loads), there are some models that emphasizes 
the pollutant build up and wash off. Barbé et al. (1996) represented pollutant
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build up by a linear function of antecedent dry time and wash off by a power 
function of the stormwater volume.
Buildup and washoff of pollutants might be considered in the model; 
however, it requires additional research for Las Vegas Valley conditions. It is not 
clear how pollutants accumulate between two rainfall events and how BMPs such 
as street sweeping help pollutant removal during dry weather periods.
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CHAPTER 7 
CONCLUSIONS AND RECOMMENDATIONS
The extensive use of GIS presented here demonstrates its usefulness to 
manage and store geographic databases, and to generate values for a source 
water assessment program and nonpoint source modeling. Following are the 
major conclusions for the SWAP and the nonpoint source runoff model.
7.1. SWAP
• The criteria suggested by EPA of “10 miles upstream from the drinking 
water intake” does not apply to the Las Vegas Valley watershed. This distance 
does not extend into urban areas of Las Vegas; therefore, the source water 
protection zones were extended to the limits of the dry weather flows in the 
watershed. The definition of source water protection zones is an area of large 
uncertainty and should be more scientifically based.
• A large portion (45%) of land use areas within the source water 
protection Zones A and B is undeveloped (45%). The next highest land uses 
were residential (22.8%) and highways (13.3%). This suggests that any control of 
pollutants from these areas will have a high impact on the protection of the 
drinking water intake.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
144
• Analysis of nonpoint source nutrient loads (TN and TP) suggest that a 
disproportionately high amount of nutrient loads have their origin in the source 
water protection zones. Approximately 10% of TN and 7% of TP for the entire 
watershed originate in the 5% of the total watershed area represented by the 
source water protection zone..
7.2. GIS and Nonpoint Source Runoff Model
• Linear Programming is a unique approach to model calibration. The LP 
derives pollutant concentrations (TN, TP, and TSS) for individual land uses within 
the watershed based on water quality data at stations that collect runoff from 
mixed land uses. Minimum constraints in the LP include historical concentrations 
for the Southwest.
• Calibrated concentrations for the Las Vegas Valley are generally 
higher than historical values for southwest U.S for all pollutants and land uses. 
Furthermore, calibrated pollutant concentrations for the undeveloped land use 
are at least an order of magnitude higher than historical values. Monitoring of 
runoff from specific land uses should be performed to better estimate runoff 
coefficients and loads from these land surfaces. This will also improve model 
calibration.
• The contribution of pollutant loads from highways was approximately 
25% of the wet weather TN nonpoint source load, and 18% of the wet weather 
TP nonpoint source load. This is noteworthy since only 4% of the watershed is 
classified as highways/roads. Sources of nutrients from roads/highways include
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the adjacent landscape areas and accumulation of nutrients in the roadside. The 
nutrients might be transported to the roadside by overirrigation flows that dry 
before reaching the storm channel, and wind transport and deposition of 
particles.
• Analysis of maximum and minimum climate scenarios generally shows 
that pollutant loads increase proportionally to increased rainfall. However, this 
was not true for 2000 and 2001 since both years had similar watershed average 
precipitation. In these years, the precipitation spatial variability proved to be 
important when estimating the pollutant loads.
7.3. Model Uncertainties
• Interpolation using IDW is limited to the range of values from the 
stations. High elevations may not be well represented using the existing rainfall 
data with IDW interpolation. The existing data was sufficient for this study since it 
represented large areas of the watershed.
o A better understanding of runoff coefficients for arid-semi arid regions 
is needed since this thesis suggests common procedures for establishing runoff 
coefficients are not valid in the Las Vegas Valley. More specifically, the runoff 
coefficients are needed for the undeveloped/Desert areas, which represents 
more than 80% of the valley.
•  There are large uncertainties regarding pollutant concentrations from 
different land uses. The approach used in this thesis utilized water quality 
information for large areas to find the concentrations for individual land surfaces.
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A more thorough evaluation of the concentrations could be based on sample 
locations downstream from homogeneous land uses.
• Detention basins were not considered in the nonpoint source model 
presented here due to the lack of detailed understanding of the pollutant removal 
efficiency of these basins. Additional routing in the model would be required if the 
impacts of detention basins was included.
• The model presented here does not include buildup and washoff of 
pollutants on land surfaces. For the analysis of monthly to annual loads, the 
buildup and washoff processes are not as important to model; however, it should 
be considered when smaller time scales (e.g., event models) are evaluated. 
Factors impacting the buildup and washoff processes include street sweeping, 
traffic volumes, and atmospheric transport of pollutants.
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Commercial
("LANDUSE" >=300000 AND "LANDUSE" <345000) OR  
( "LANDUSE" >=346000 AND "LANDUSE" <400000) OR 
( "LANDUSE" >=730000 AND "LANDUSE" <740000)
Public Land
("LANDUSE" >=400000 AND "LANDUSE" <440000) OR  
( "LANDUSE" >=450000 AND "LANDUSE" <500000)
Industrial
("LANDUSE" >=200000 AND "LANDUSE" <300000) OR  
( "LANDUSE" >=600000 AND "LANDUSE" <700000)
Parks/Golf Courses
("LANDUSE" >=345000 AND "LANDUSE" <346000) OR  
( "LANDUSE" >=440000 AND "LANDUSE" <450000)
Residential
("LANDUSE" >=100000 AND "LANDUSE" <200000) OR  
( "LANDUSE" >=710000 AND "LANDUSE" <720000)
Desert/Undeveloped
("LANDUSE >=0 AND "LANDUSE" < 100000)
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Watershed Area Feet Landuse Area (acres) Percentage
Central Basin Commercial 4620 12.9
Area Feet* Industrial 1388 3.9
1588380582 Parks/Golf Courses 639 1.8
Area Acres Public Land 2288 6.4
36464 Residential 15113 42.3
Roads/Highways 7516 21.0
Undeveloped/Desert 4188 11.7
Northern LV
Wash Commercial 851 0.2
Area Feet* Industrial 1137 0.2
20343814616 Parks/Golf Courses 1001 0.2
Area Acres Public Land 1508 0.3
467027 Residential 6979 1.5
Roads/Highways 7000 1.5
Undeveioped/Desert 447508 96.0
Gowan Commercial 1182 2.3
Area Feet* industrial 328 0.6
2345100932 Parks/Goif Courses 2340 4.5
Area Acres Public Land 901 1.7
53836 Residential 11309 21.7
Roads/Highways 6238 12.0
Undeveioped/Desert 29900 57.3
Flamingo/ Commercial 4678 3.3
Tropicana Area Feet* industrial 1908 1.4
6185451656 Parks/Goif Courses 2906 2.1
Area Acres Public Land 1862 1.3
141998 Residential 12918 9.2
Roads/Highways 8425 6.0
Undeveioped/Desert 107799 76.7
Duck Creek Commercial 1417 1.7
Area Feet* industrial 1376 1.6
3702262305 Parks/Golf Courses 593 0.7
Area Acres Public Land 808 1.0
84992 Residential 6727 7.9
Roads/Highways 4159 4.9
Undeveioped/Desert 69628 82.2
Pittman Commercial 1961 2.0
Area Feet* industrial 1760 1.8
4208055983 Parks/Goif Courses 1812 1.9
Area Acres Public Land 558 0.6
96603 Residential 8064 8.4
Roads/Highways 6439 6.7
Undeveioped/Desert 75464 78.6
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Range Wash
Area Feet* 
2788614752 
Area Acres
64017
Commercial 
Industrial 
Parks/Goif Courses 
Public Land 
Residential 
Roads/Highways 
Undeveioped/Desert
2122
820
1186
2815
4286
3126
49488
3.3
1.3
1.9
4.4 
6.7
4.9 
77.5
C-1 Commercial 240 0.8
Area Feet* industrial 617 2.0
1333791303 Parks/Goif Courses 197 0.6
Area Acres Public Land 513 1.7
30619 Residential 2688 8.8
Roads/Highways 2073 6.8
U ndeveloped/Desert 24169 79.2
Lower LV Wash Commercial 147 3.0
Area Feet* industrial 1024 20.5
220132434 Parks/Goif Courses 278 5.6
Area Acres Public Land 31 0.6
5054 Residential 669 13.4
Roads/Highways 333 6.7
Undeveioped/Desert 2503 50.2
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Script to delineate extent of dry weather flows
‘Accumulation script 
‘ Accumulation script’
‘ Active theme: Flow Direction 
theView = av.GetActiveDoc 
t= theView.GetActiveThemes.Get (0) 
s= TheView.FindTheme(“Wet_pntgrd”) 
sg = s.GetGrid 
g = t.GetGrid
r= g.FlowAccumulation (sg)
‘ rename data set
aFN = av.GetProject.GetWorkDir.MakeTmp (“face”, “”) 
r.Rename(aFN)
‘check if output is ok 
if (r.HasError) then return NIL end 
‘create a theme 
gthm = Gtheme.Make (r)
‘set name of theme 
gthm.SetName (“Flow Accumulation”)
‘add theme to the view 
theView.AddTheme (gthm)
Script to rename Themes in a ArcView 3.2
'Script to rename Themes w/ same name 
theView = av.GetActiveDoc 
thelist= theView.GetActiveThemes 
a=1
for each i in theList
name = i.AsString+a.AsString
i.SetName(name)
a=a+1
end
165
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5fation_ID Name Type Datejns tailed Latitude Longitude
2564 Mesquite 1 (Sand Hollow Wash) Rain 6/29/90 36 57’ OrN 114 02'11'W
2574 Mesquite 3 (Town Wash) Rain 12/28/90 36 54' 25"N 114 03'16'W
2584 Mesquite Airport MET 12/7/90 36 50' 14"N 114 03 '19'W
2594 Town Wash Detention Basin Level 8/4/92 36 49' 33"N 114 04'24"W
2664 Mesquite 2 (Toquop Wash) Rain 7/20/90 36 56' 01 "N 114 12'02'W
2754 Bunkervllle MET 12/17/93 36 42' 29"N 114 04'30'W
2784 Windmill Wash Detention Basin Level 9/29/99 36 45' 59"N 114 07’ 24'W
3034 Halfway Wash Rain 10/5/90 36 52'01"N 11418'32'W
3044 Monnon Mesa Rain 9/14/90 36 45' 30"N 114 26'56'W
3064 Welser Wash Rain 8/3/90 36 44’ 58"N 114 32'52 "W
3144 California Wash 3 MET 8/7/91 36 28' 46"N 11442'24'W
3164 California Wash 1 Rain 7/13/90 36 32' 32"N 114 38'09'W
3184 California Wash 2 Level 10/16/90 36 37’ 52"N 114 37'55'W
3234 Wildcat Wash Rain 9/11/91 36 48'16"N 114 51'28'W
3244 Mormon Mesa 2 MET 12/15/93 36 39' 53"N 114 25'05'W
3254 Overton Beach MET 5/28/93 36 26' 24"N 114 21'44'W
3264 Moapa Level 11/29/89 36 42' 40"N 114 41'40'W
3274 Logan Wash Rain 4/5/90 36 35'42"N 114 31’ 58'W
3279 Mormon Mesa Overton Rain 6/5/91 36 33'42 "N 114 23'22'W
3284 Silica Dome MET 3/23/90 36 r r  24"N 114 30'08'W
3294 Overton Alqiort MET 7/2/92 36 33' 54"N 114 26' 1TW
3384 Meadow Valley Wash Level 11/29/89 36 45' 14"N 114 37'25'W
4014 Fossil Ridge MET 5/3/89 36 25' 51 "N 11517'08'W
4024 Upper Las Vegas Wash Detention Basin Level 9/9/93 36 19' 31 "N 11512’ 44'W
4029 Kyte Canyon Detention Basin Level 6/3/97 36 18' 01 "N 115 20' 19'W
4034 North Valley 1 MET 1/11/91 36 20' 35"N 11510'00"W
4039 North Valley 2 Rain 1/25/91 36 21' 24"N 115 08'12'W
4044 Castle Rock Rain 8/3/89 36 21’ 57"N 11513'49'W
4049 Tule Springs State Park Rain 8/25/89 36 19' 05"N 11516'09'W
4054 Lone Mtn Rd near Hualapai Way Rain 3/9/90 3615'06"N 115 20'00'W
4059 Gowan Outfall Channel Level 1/7/92 36 15' 07"N 115 09’ 08'W
4064 Lower Las Vegas Wash DB Level 1/8/99 36 15' 18"N 115 09'37 W
4069 Las Vegas Wash at Craig Road Level 8/22/91 36 14' 24"N 115 06'43'W
4074 Las Vegas Wash at Lake Mead Blvd Level 3/1/88 3611'45"N 115 05' 55'W
4079 Western Trib of Las Vegas Wash Level 1/6/00 36 15' 27"N 11510' 25'W
4084 Las Vegas Wash near Sahara Avenue Level 3/1/88 36 08' 49"N 115 03'08'W
4089 Las Vegas Wash at Vegas Valley Drive Level 6/16Æ9 36 08'11"N 115 02'10'W
4094 Las Vegas Wash near 3-Kids Wash Rain 5/4/90 36 05' 56"N 114 56'37W
4104 Nellis APB North MET 7/12/91 36 14' 57"N 115 02'06'W
4109 Nellis AFB South Rain 4/10/92 36 13' 33"N 115 01'30’W
4114 Sloan Channel at Las Vegas Blvd Level 1/1/88 36 19' 04"N 115 04’ 24'W
4119 Vandenberg DB Level 2/7/01 36 15' 15"N 115 05'22'W
4124 West Range Wash 1 Rain 3/13/92 36 19' 33"N 115 01'48'W
4134 West Range Wash 2 Rain 3/20/92 36 20' 06"N 115 04’ 44'W
4154 Confluence (aka Range Wash) DB Level 6/24/97 36 12' 39"N 115 02'34'W
4174 Sloan Channel at Charleston Blvd Level 3/1/88 36 09' 34"N 115 02'36'W
4184 Sunrise Landfill 1 Rain 2/4/00 36 08' 40"N 114 59'44’W
4189 Sunrise Landfill 2 Rain 2/11/00 36 08' 26" N 115 00 12" W
4204 Summerlin West Rain 3/6/92 36 11'16"N 115 22'35'W
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4209 Summerlin Northwest Rain 7/17/92 36 12' 24"N 115 22' 18'W
4214 Summerlin Parkway Rain 9/3/92 3610'44"N 11517 39'W
4219 Angel Park Detention Basin Level 2/1/93 3611'13"N 11516'53'W
4224 Angel Park West MET 9/15/89 36 10' 18"N 11518' 33'W
4229 Charleston at El Capitan Rain 9/21/89 36 09' 40"N 115 1 7  33'W
4234 Smoke Ranch and Buffalo Rain 9/15/89 36 12' 09"N 115 15'38'W
4239 Carey/Lake Mead Detention Basin Level 12/29/92 361T54"N 11510'51'W
4244 Rainlxjw Blvd and Oakey Blvd Rain 5/8/92 36 09' 17"N 11514'40'W
4249 Oakey Detention Basin Level 6/23/95 36 09' 02"N 11514'05'W
4254 Lower Gowan North Detention Basin Level 5/25/93 36 13' 32"N 11515'14'W
4259 Gowan South Detention Basin Level 6/20/95 36 13' 01 "N 11515'08'W
4264 Las Vegas Creek t>elow Meadows DB Level 3/27/89 36 10' 30"N 11510'50'W
4269 Lone Mtn Detention Basin Level 7/1/96 36 13' 55"N 11518'34'W
4274 Downtown Las Vegas MET 11/30/89 36 09' 5TN 115 08 '39'W
4279 Gowan North Channel Level 1/6/00 36 13' 57'N 11516'34'W
4284 Las Vegas Wash at Lamb Blvd Level 2/28/88 36 10' 56"N 115 04'48'W
4304 Blue Diamond Ridge South MET 7/7/89 36 05’ 03"N 115 23'09'W
4309 Desert Inn Detention Basin Level 3/14/01 36 57 07'N 114 02' 11'W
4314 Blue Diamond Ridge North Rain 7/7/89 36 06’ 2rN 115 23 '52-W
4319 Beltway at Town Center Level 2/5/01 36 07 11"N 11519' 27W
4324 Red Rock Canyon Visitor Center Rain 8/24/90 36 07 49"N 115 25'40'W
4329 Brownstone Canyon Rain 4/14/00 36 10' 50"N 115 25'03'W
4334 Upper Flamingo 1 Rain 9/30/89 36 03’ 30"N 11519'20'W
4339 Beltway at Peace Way Level 2/5/01 36 06’ 25"N 11517 48'W
4344 Red Rock Detention Basin Level 7/21/89 36 09' 10"N 115 2 T 1 7 W
4349 Upper Flamingo Detention Basin Level 3/19/92 36 05' 28"N 11516'07W
4354 The Lakes MET 3/15/91 36 07 28"N 115 17 08'W
4359 Lakes DB Level 2/21/01 36 07 40"N 11516'42'W
4364 Flamingo Wash at Torrey Pines Drive Level 3/1/88 36 06' 09"N 11514'03'W
4369 Flamingo Wash at Decatur Blvd Level 2/13/92 36 06' 09"N 115 12'25'W
4374 Flamingo Wash at Eastern Avenue Level 10/1/87 36 07 23"N 115 07 06'W
4379 VanBuskIrk Detention Basin Level 8/7/96 36 06' 29"N 115 06'42'W
4384 Desert Inn Super Arterial Rain 8/23/96 36 07 47”N 115 09'50'W
4394 Flamingo Wash at Neills Blvd Level 3/1/88 36 08' 32"N 115 03 '53'W
4414 Blue Diamond Detention Basin Level 3/22/01 36 01'53"N 11519'6'W
4434 Beltway Channel at Buffalo Level 8/4/00 36 03' 57"N 115 15'15" W
4454 Warm Springs Rd at Jones Blvd Rain 9/21/89 36 03' 24"N 11513'24"W
4474 Tropicana Detention Basin Level 9/13/99 36 04' 53"N 11511'59'W
4484 Tropicana Wash at Swenson Avenue Level 3/13/89 36 06’ 39"N 115 08 '47W
4544 Las Vegas Wash at Pabco Rd Level 8/3/00 36 05'13"N 114 59' 10'W
4614 Arden Rain 6/29/89 36 00’ 48"N 11514'13'W
4619 Lower Duck Creek DB Level 9/5/01 36 01' 16"N 115 09 '19'W
4624 Duck Creek at Paradise Rd Level 6/21/91 36 02' 42’’N 115 08' 19'W
4634 Duck Creek at Eastern Avenue Level 12/1/87 36 03' 17'N 115 07 05"W
4644 NWS Offices MET 3/13/97 36 02' 49"N 11511’ 05'W
4654 Desert Tortoise Consenratlon Center MET 2/11/92 35 58' 31 "N 11515'05'W
4684 Duck Creek at Patrick Lane Level 7/11/01 36 04' 40"N 115 05’ 00'W
4704 Sloan at 1-15 MET 8/17/89 35 55' 39"N 11511'40'W
4724 Anthem Detention Basin Level 6/27/01 35 56'21 "N 115 04'40'W
4734 Pittman Wash at Wigwam Level 1/1/88 36 02' 04"N 115 06'32'W
4739 UPRR Channel Level 6/23/95 36 03' 08"N 115 04'59'W
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4744 South Henderson 1 Rain 2/12/93 35 5711"N 115 07 26'W
4749 Pittman Wash at Stephanie Level 3/22/00 36 04‘ 34"N 115 02' 48'W
4754 Equestrian Detention Basin Level 3/28/97 36 01'18-N 114 56'22'W
4759 Pittman Park Detention Basin Level 9/17/99 36 02' 55"N 115 03'07 W
4764 Mission Hills Detention Basin Level 8/23/94 35 59' 18"N 114 57 20'W
4774 TIMET MET 4/24/92 36 03' 02"N 114 59'59'W
4784 C-1 Channel near Warm Springs Road Level 3/24/89 36 02' 58"N 114 57 29'W
4789 East Henderson 2 Rain 6Û2J93 36 00' 49"N 114 55'14'W
4794 East Henderson 1 Rain 1/14«3 36 01'59”N 114 55'58'W
4799 East C-1 Detention Basin Level 6/7/00 36 01'29”N 114 54'22'W
4854 Boulder City MET 7/24/91 35 59' 42"N 114 51'50'W
4924 Goodsprlngs 1 MET 8/10/90 35 48' 36"N 115 27 58'W
4934 Goodsprings 2 Rain 7/27/90 35 51' 08"N 115 26 '50'W
4954 Jean MET 1/17/90 35 45' 55"N 11519'30'W
4964 Jean Southeast Rain 2/8/91 35 39' 58"N 11513' OO'W
5124 Searchlight Rain 9/28/90 35 27 27'N 114 54’ 32"W
5134 CalNevAri MET 3/7/90 35 19' 15"N 114 48'05'W
5144 Searchlight Southwest MET 3/15/95 35 24'14"N 115 01'46'W
5224 Laughlln 1 Rain 12/4/91 35 09" 53“N 114 44’ 021A/
5234 Laughlin 3 Rain 2/26/93 35 07 58"N 114 42" 58'W
5244 Laughlln 2 MET 12/13ai 3510'42"N 114 40'40'W
5634 Black Mtn Detention Basin Level 5/25/00 35 59’ 15"N 114 59'41'W
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StationJD Elevation Location LAT LONG
2564 2500 9 miles N of Mesquite 36.95 -114.04
2574 2575 7 miles N of Mesquite 36.91 -114.05
2584 1969 on Mesquite Alqwrt 36.84 -114.06
2594 1570 Town Wash Detention Basin 36.83 -114.07
2664 2475 11 miles NW of Mesquite 36.93 -114.20
2754 2855 7 miles S of Mesquite 36.71 -114.08
2784 1670 Windmill Wash DB 36.77 -114,12
3034 2830 13 miles WNW of Mesquite 36.87 -114.31
3044 2120 8 miles NE of Glendale 36.76 -114.45
3064 2210 7 miles N of Glendale 36.75 -114.55
3144 2080 13 miles SSW of Glendale 36.48 -114.71
3164 2140 7 miles SSW of Glendale 36.54 -114.64
3184 1570 4 miles SW of Glendale 36.63 -114.63
3234 2560 15 miles NW of Glendale 36.80 -114.86
3244 2000 3 miles NE of Bowman Reservoir 36.66 -114.42
3254 1280 8 miles SE of Overton 36.44 -114.36
3264 1710 6 miles NW of Glendale 36.71 -114.69
3274 2055 3 miles NW of Logandale 36.60 -114.53
3279 1850 3 miles E of Overton on Mormon Mesa 36.56 -114.39
3284 2185 6 miles SW of Overton 36.46 -114.50
3294 1360 on Overton Airport 36.57 -114.44
3384 1720 11 miles NNW of Glendale 36.75 -114.62
4014 3600 17 miles NNW of downtown Las Vegas 36.43 -115.29
4024 2340 3 miles E of Tule Springs SP 36.33 -115.21
4029 3200 3 miles SW of Tule Springs SP 36.30 -115.34
4034 2640 12 miles N of downtown Las Vegas 36.34 -115.17
4039 3080 13 miles N of downtown Las Vegas 36.36 -115.14
4044 3180 4 miles NE of Tule Springs SP 36.37 -115.23
4049 2470 at Tule Springs SP 36.32 -115.27
4054 3020 .25 mile N of Lone Mtn Rd, 5 miles W of US-95 36.25 -115.33
4059 2060 .25 mile N of Craig Rd on Camino AI Norte 36.25 -115.15
4064 2100 .25 mile S of Ann Rd near Camino AI Norte 36.26 -115.16
4069 1930 Craig Rd near Losee Rd 36.24 -115.11
4074 1820 NW comer of Lake Mead Blvd and Pecos Rd 36.20 -115.10
4079 2150 200 W  of Clayton; 0.25 miles S of Ann Rd 36.26 -115.17
4084 1720 on Desert Rose Golf Course S of Sahara Ave 36.15 -115.05
4089 1675 northskte of Vegas Valley Dr bridge 36.14 -115.04
4094 1460 on LV Wash .50 mile upstream of Lake Las Vegas 36.10 -114.94
4104 1900 at north end of Neills AFB runways 36.25 -115.04
4109 1830 near Hollywood Blvd entrance to Neills AFB 36.23 -115.03
4114 1855 Las Vegas Blvd North, .50 mile E of Lamb 36.32 -115.07
4119 1930 Vegas 36.25 -115.09
4124 2475 5.5 miles N of Neills AFB 36.33 -115.03
4134 2750 6 miles NW of Neills AFB 36.34 -115.08
4154 1810 at Confluence DB 36.21 -115.04
4174 1740 on Sloan Channel at Charleston Blvd 36.16 -115.04
4184 2240 Sunrise Mtn landfill 36.14 -115.00
4189 2000 Sunrise Mtn landfill 36.14 -115.00
4204 3950 2.5 miles NW of Red Rock DB 36.19 -115.38
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4209 3920 3 miles W  of Hualapai on Smoke Ranch Rd alignment 36.21 -115.37
4214 2695 Center 36.18 -115.29
4219 2650 Angel Park DB outlet near Vegas Dr 36.19 -115.28
4224 2840 on LWW D reservoir near Westcliffe/Hualapal 36.17 -115.31
4229 2850 on LWWD reservoir at Charleston/Rampart 36.16 -115.29
4234 2415 on LWW D reservoir at Smoke Ranch/Buffalo 36.20 -115.26
4239 2120 Carey/Lake Mead DB 36.20 -115.18
4244 2408 on LWWD reservoir near Ralntxjw/Oakey 36.15 -115.24
4249 2345 Oakey DB 36.15 -115.23
4254 2330 200 ft W of Tenaya on Gowan Rd 36.23 -115.25
4259 2340 200 ft SW of Tenaya/Cheyenne 36.22 -115.25
4264 2150 100 ft downstream of Meadow DB outlet 36.18 -115.18
4269 2620 Lone Mtn DB outlet near Alexander Rd 36.23 -115.31
4274 2160 roof of 301 E. Clark Avenue 36.17 -115.14
4279 2360 300 feet E of Durango and Alexander 36.23 -115.28
4284 1780 500 ft N of Washington Ave and Lamb Blvd 36.18 -115.08
4304 4840 2 miles NE of Blue Diamond 36.08 -115.39
4309 2400 Desert Inn Rd at Rainbow Blvd 36.95 -114.04
4314 4700 7 miles W  of Spanish Trails 36.11 -115.40
4319 2800 Beltway Channel east of Town Center Dr 36.12 -115.32
4324 3700 300 yards SW of Red Rock Cyn Visitor Ctr 36.13 -115.43
4329 4520 3 miles NNE of Red Rock Cyn Visitor Ctr 36.18 -115.42
4334 3100 3 miles SW of Spanish Trails 36.06 -115.32
4339 2625 Beltway Channel near Ft. Apache and Peace Way 36.11 -115.30
4344 3260 at Red Rock DB 36.15 -115.35
4349 2450 at Upper Flamingo DB 36.09 -115.27
4354 2620 0.25 miles SW of Durango/Desert Inn 36.12 -115.29
4359 2595 SE comer of Durango and Desert Inn 36.13 -115.28
4364 2335 Torrey Pines Dr 0.25 miles N of Tropicana 36.10 -115.23
4369 2250 Decatur Blvd 300 ft N of Tropicana 36.10 -115.21
4374 1960 Eastern Ave and Twain Ave 36.12 -115.12
4379 1935 near Harmon and MacLeod 36.11 -115.11
4384 2070 Las Vegas Blvd at Desert Inn Rd 36.13 -115.16
4394 1730 Neills Blvd .25 miles S of Sahara Ave 36.14 -115.06
4414 2975 Blue Diamond Rd at Hualpal Way 36.03 -115.32
4434 2520 Buffalo 36.07 -115.25
4454 2440 LWW D reservoir at Warm Springs/Jones 36.06 -115.22
4474 2290 at the Tropicana DB 36.08 -115.20
4484 2030 Swenson Ave .25 miles S of Flamingo Rd 36.11 -115.15
4544 1550 on LV Wash at the Patjco Rd Grade Control Structure 36.09 -114.99
4614 2515 Torrey Pines Dr .75 miles S of Blue Diamond Rd 36.01 -115.24
4619 2215 near Bermuda and Pebble Rd 36.02 -115.16
4624 2100 Paradise Rd .25 miles N of Windmill Lane 36.05 -115.14
4634 2040 Eastern Ave .25 miles S of Warm Springs Rd 36.05 -115.12
4644 2275 Industrial Rd N of Blue Diamond Rd 36.05 -115.18
4654 2630 Rainbow Blvd 3.5 miles S of Blue Diamond Rd 35.98 -115.25
4684 1880 Green Valley Parkway at Patrick Lane 36.08 -115.08
4704 2725 NDOT vehicle Inspection station near Sloan 35.93 -115.19
4724 3125 Anthem DB south of Seven Hills 35.94 -115.08
4734 2100 Wigwam Ave .50 miles E of Eastern Ave 36.03 -115.11
4739 1990 Channel 36.05 -115.08
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4744 2540 1.5 miles S of Sky Harbor Airport 35.95 -115.12
4749 1700 Stephanie Street 1/4 mile S of US-95 36.08 -115.05
4754 2070 near Equestrian Dr and Magic Way 36.02 -114.94
4759 1970 Santiago Ijetween Arroyo Grande and Stephanie 36.05 -115.05
4764 2400 near Foothills Dr and College Way 35.99 -114.96
4774 1740 on TIMET facility (Henderson) 36.05 -115.00
4784 1840 near Pueblo and Drake (Henderson) 36.05 -114.96
4789 2200 near Equestrian/Foothills Drive 36.01 -114.92
4794 2160 3 miles E of Boulder Hwy/Lake Mead Dr 36.03 -114.93
4799 2500 at East C-1 Detention Basin, River Mtns, Henderson 36.02 -114.91
4854 3440 1.25 miles NW of Boulder City on Red Mtn 36.00 -114.86
4924 5040 2 miles SW of Goodsprings 35.81 -115.47
4934 3920 1.5 miles NW of Goodsprings 35.85 -115.45
4954 2835 on Jean Airport 35.77 -115.33
4964 4600 9 miles SE of jean 35.67 -115.22
5124 3455 San District ponds SE of Searchlight 35.46 -114.91
5134 2950 4.5 miles E of CalNevAri 35.32 -114.80
5144 3710 6.5 miles SW of Searchlight 35.40 -115.03
5224 2710 6.5 miles E of US-95; .75 miles S of SR-163 35.16 -114.73
5234 2280 4 miles W  of Laughlln Bay 35.13 -114.72
5244 2420 4.5 miles NE of Laughlln 35.18 -114.68
5634 2598 near Horizon Dr/Horizon Ridge, Henderson 35.99 -114.99
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1991 Total
Normal Rainfall 4.12
Official NWS Record 4.06
Gauge IDGauge Name
2564 Mesquite 1 5.04
2574 Town Wash 5.36
2584 Mesquite Airport 4.51
2664 Mesquite 2 6.56
3034 Halfway Wash 7.55
3044 Mormon Mesa 1 5.72
3064 Weiser Wash 5.18
3144 California Wash 3 2.36
3164 California Wash 1 6.06
3184 California Wash 2 5.19
3234 Wildcat Wash 1.34
3264 Moapa 3.07
3274 Logan Wash 5.2
3279 Mormon Mesa 1.69
3284 Silica Dome 5.67
3384 Meadow Valley Wash 6.53
4014 Fossil Ridge 4.49
4034 North Valley 1 6.79
4039 North Valley 2 6.3
4044 Castle Rock 4.58
4049 Tule Springs 4.03
4054 Lone Mtn at Hualpai 5.21
4064 Las Vegas Wash 3.98
4069 Las Vegas Wash at 0.94
4074 Las Vegas Wash at 4.34
4094 Las Vegas Wash at 3 4.98
4104 Nellis AFB 1.74
4114 Sloan Channel at LV 3.99
4174 Sloan Channel at 2.7
4224 Angel Park West 4.67
4229 Charleston at El 5.71
4234 Smoke Ranch at 4.34
4264 Las Vegas Creek at 5.12
4274 RFCD Offices 3.9
4284 Las Vegas Creek at 4.07
4304 Blue Diamond South 5.05
4314 Blue Diamond North 6.47
4324 Red Rock Canyon 7.76
4334 Upper Flamingo 1 4.49
4344 Red Rock Detention 5.65
4354 Summerlin SW 0.51
4359 The Lakes 4.46
4364 Flamingo Wash at 5.99
4374 Flamingo Wash at 2.88
4394 Flamingo Wash at 3.32
4454 Warm Springs at 3.72
4484 Tropicana Wash at 4.85
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4614 Arden 4.78
4624 Duck Creek near 0.67
4634 Duck Creek at 2.75
4704 Sloan at 115 4.23
4734 Pittman Wash at 3.72
4784 C-1 at Warm Springs 4.89
4854 Boulder City 2.95
4924 Goodsprings 1 4.38
4934 Goodsprings 2 5.12
4954 Jean Airport 4.25
4964 Jean SE 8.06
5004 Searchlight 1.62
5014 CalNevAri 7.68
5224 Laughlin 1 0.08
5244 Laughlin 2 0.16
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1992 Total
Normal Rainfall 4.19
Official NWS Record 9.88
Gauge 1ID Gauge Name
2564 Mesquite 1 9.31
2574 Town Wash 8.99
2584 Mesquite Airport 7.95
2594 Town Wash DB 2.4
2664 Mesquite 2 8.47
3034 Halfway Wash 11.38
3044 Mormon Mesa 1 8.48
3064 Weiser Wash 7.65
3144 California Wash 3 11.65
3164 California Wash 1 8.04
3184 California Wash 2 9.73
3234 Wildcat Wash 8.38
3264 Moapa 8.47
3274 Logan Wash 6.97
3279 Mormon Mesa 8.42
3284 Silica Dome 10.01
3294 Overton Airport 3
3384 Meadow Valley Wash 7.78
4014 Fossil Ridge 7.72
4034 North Valley 1 10.24
4039 North Valley 2 7.29
4044 Castle Rock 8.73
4049 Tule Springs 8.59
4054 Lone Mtn at Hualapai 9.72
4059 Gowan Outfall 6.07
4064 Las Vegas Wash 6.65
4069 Las Vegas Wash at 11.38
4074 Las Vegas Wash at 10.12
4094 Las Vegas Wash at 3- 9.47
4104 Nellis AFB North 11.51
4109 Nellis AFB South 2.83
4114 Sloan Channel at LV 11.11
4124 West Range Wash 1 5.39
4134 West Range Wash 2 5.24
4174 Sloan Channel at 10.28
4204 Summerlin West 5.4
4209 Summerlin NW 3.39
4214 Summerlin Parkway 3.27
4224 Angel Park West 8.74
4229 Charleston at El 9.45
4234 Smoke Ranch at 9.21
4244 Rainbow at Oakey 2.52
4264 Las Vegas Creek at 9.87
4274 RFCD Offices 9.29
4284 Las Vegas Creek at 11.19
4304 Blue Diamond South 11.14
4314 Blue Diamond North 13.04
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
176
4324 Red Rock Canyon 12.97
4334 Upper Flamingo 1 10.67
4344 Red Rock Detention 10.61
4349 Upper Flamingo DB 2.72
4354 Summerlin SW 13.47
4359 The Lakes 9.12
4364 Flamingo Wash at 9.72
4374 Flamingo Wash at 3.39
4394 Flamingo Wash at 9.96
4454 Warm Springs at 9.32
4484 Tropicana Wash at 9.45
4604 Desert Tortoise 12.21
4614 Arden 9.09
4624 Duck Creek near 10.52
4634 Dusk Creek at 8.35
4704 Sloan at 1-15 9.07
4734 Pittman Wash at 10.76
4774 Timet 3.19
4784 C-1 at Warm Springs 12.14
4854 Boulder City 11.35
4924 Goodsprings1 9.8
4934 Goodsprings 2 9.3
4954 Jean Airport 8.38
4964 Jean SE 10.11
5004 Searchlight 9.1
5014 CalNevAri 11.89
5224 Laughlin 1 6.c5
5244 Laughlin 2 9.17
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1993 Total
Normal Rainfall 4.13
Official NWS Record 5.05
Gauge IDGauge Name
2564 Mesquite 1 8.82
2574 Town Wash 8.5
2584 Mesquite Airport 6.54
2594 Town Wash DB 7.33
2664 Mesquite 2 10.39
2754 Bunkerville 0
3034 Halfway Wash 10
3044 Mormon Mesa 1 7.68
3064 Weiser Wash 7.29
3144 California Wash 3 6.54
3164 California Wash 1 7.3
3184 California Wash 2 8.63
3234 Wildcat Wash 8.97
3244 Mormon Mesa 2 0
3254 Overton Beach 1.73
3264 Moapa 7.95
3274 Logan Wash 6.26
3279 Mormon Mesa 7.28
3284 Silica Dome 6.98
3294 Overton Airport 6.08
3384 Meadow Valley Wash 4.73
4014 Fossil Ridge 4.17
4024 North LV Wash DB 0.16
4034 North Valley 1 5.83
4039 North Valley 2 5.36
4044 Castle Rock 4.11
4049 Tule Springs 4.14
4054 Lone Mtn at Hualapai 8.04
4059 Gowan Outfall 6.31
4069 Las Vegas Wash at 5.91
4074 Las Vegas Wash at 5.32
4094 Las Vegas Wash at 3- 5.04
4104 Nellis AFB North 4.02
4109 Nellis AFB South 4.62
4114 Sloan Channel at LV 4.42
4124 West Range Wash 1 4.88
4134 West Range Wash 2 5.36
4174 Sloan Channel at 5.52
4204 Summerlin West 7.4
4209 Summerlin NW 7.42
4214 Summerlin Parkway 5.9
4219 Angel Park DB 3.52
4224 Angel Park West 5.5
4229 Charleston at El 5.08
4234 Smoke Ranch at 6.77
4239 Carey/Lake Mead DB 5.6
4244 Rainbow at Oakey 5.4
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4254 Gowan Central DB 0.32
4264 Las Vegas Creek at 6.39
4274 RFCD Offices 4.93
4284 Las Vegas Creek at 4.62
4304 Blue Diamond South 3.28
4314 Blue Diamond North 6.39
4324 Red Rock Canyon 8.5
4334 Upper Flamingo 1 5.35
4344 Red Rock Detention 6.55
4349 Upper Flamingo DB 4.38
4354 Summerlin SW 6.23
4359 The Lakes 5.12
4364 Flamingo Wash at 4.89
4374 Flamingo Wash at 6.12
4394 Flamingo Wash at 5.36
4454 Warm Springs at 4.46
4484 Tropicana Wash at 5.76
4604 Desert Tortoise 7.48
4614 Arden 4.42
4624 Duck Creek near 4.89
4634 Duck Creek at 4.03
4704 Sloan at 1-15 5.88
4734 Pittman Wash at 6.15
4744 South Henderson 1 1.7
4754 South Henderson 2 0.28
4774 Timet 6.27
4784 C-1 at Warm Springs 5.59
4789 East Henderson 2 0.79
4794 East Henderson 1 4.65
4854 Boulder City 7.17
4924 Goodsprings 1 6.18
4934 Goodsprings 2 8.51
4954 Jean Airport 4.37
4964 Jean SE 6.81
5004 Searchlight 9.61
5014 CalNevAri 8.75
5224 Laughlin 1 5.35
5234 Laughlin 3 2.83
5244 Laughlin 2 9.6
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1994 Total
Normal Rainfall 4.13
Official NWS Record 2.56
Gauge ID' Gauge Name
2564 Mesquite 1 5.42
2574 Town Wash 4.65
2584 Mesquite Airport 3.2
2594 Town Wash DB 3.51
2664 Mesquite 2 6.61
2754 Bunkerville 4.98
3034 Halfway Wash 4.6
3044 Mormon Mesa 1 4.46
3064 Weiser Wash 3.05
3144 California Wash 3 3.54
3164 California Wash 1 2.43
3184 California Wash 2 2.73
3234 Wildcat Wash 3.98
3244 Mormon Mesa 2 3.55
3254 Overton Beach 2.44
3264 Moapa 3.07
3274 Logan Wash 2.36
3279 Mormon Mesa 2.95
3284 Silica Dome 2.92
3294 Overton Airport 3.31
3384 Meadow Valley Wash 2.06
4014 Fossil Ridge 3.23
4024 North LV Wash DB 2.21
4034 North Valley 1 3.11
4039 North Valley 2 3.98
4044 Castle Rock 2.91
4049 Tule Springs 3.22
4054 Lone Mtn at Hualapai 3.86
4059 Gowan Outfall 3.43
4069 Las Vegas Wash at 4.61
4074 Las Vegas Wash at 3.34
4094 Las Vegas Wash at 3- 2.41
4104 Nellis AFB North 4.62
4109 Nellis AFB South 4.03
4114 Sloan Channel at LV 3.5
4124 West Range Wash 1 5.94
4134 West Range Wash 2 4.09
4174 Sloan Channel at 3.31
4204 Summerlin West 4.72
4209 Summerlin NW 4.23
4214 Summerlin Parkway 3.11
4219 Angel Park DB 3.25
4224 Angel Park West 3.07
4229 Charleston at El 3.79
4234 Smoke Ranch at 3.79
4239 Carey/Lake Mead DB 2.77
4244 Rainbow at Oakey 1.49
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4254 Gowan Central DB 3.43
4264 Las Vegas Creek at 3.07
4274 RFCD Offices 2.25
4284 Las Vegas Creek at 3.63
4304 Blue Diamond South 3.05
4314 Blue Diamond North 4.48
4324 Red Rock Canyon 4.14
4334 Upper Flamingo 1 3.74
4344 Red Rock Detention 3.43
4349 Upper Flamingo DB 2.14
4354 Summerlin SW 3.78
4359 The Lakes 3.27
4364 Flamingo Wash at 2.49
4374 Flamingo Wash at 3.5
4394 Flamingo Wash at 3.2
4454 Warm Springs at 2.14
4484 Tropicana Wash at 3.03
4604 Desert Tortoise 2.49
4614 Arden 2.45
4624 Duck Creek near 2.99
4634 Duck Creek at 1.54
4704 Sloan at 1-15 2.41
4734 Pittman Wash at 2.32
4744 South Henderson 1 2.13
4764 Mission Hills DB 1.97
4774 Timet 0.88
4784 C-1 at Warm Springs 0.99
4789 East Henderson 2 4.41
4794 East Henderson 1 3.86
4854 Boulder City 3.07
4924 Goodsprings 1 2.84
4934 Goodsprings 2 3.47
4954 Jean Airport 2.95
4964 Jean SE 2.41
5004 Searchlight 5.4
5014 CalNevAri 5.73
5224 Laughlin 1 5.58
5234 Laughlin 3 4.3
5244 Laughlin 2 2.33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
181
1995 Total
Normal Rainfall 4.13
Official NWS Record 3.69
Gauge IDGauge Name
2564 Mesquite 1 7.2
2574 Town Wash 6.96
2584 Mesquite Airport 5.83
2594 Town Wash DB 5.4
2664 Mesquite 2 8.62
2754 Bunkerville 6.26
3034 Halfway Wash 7.28
3044 Mormon Mesa 1 5.32
3064 Weiser Wash 4.65
3144 California Wash 3 4.06
3164 California Wash 1 4.02
3184 California Wash 2 4.46
3234 Wildcat Wash 5.31
3244 Mormon Mesa 2 4.14
3254 Overton Beach 3.79
3264 Moapa 5.48
3274 Logan Wash 3.66
3279 Mormon Mesa 4.06
3284 Silica Dome 4.1
3294 Overton Airport 3.7
3384 Meadow Valley Wash 5.36
4014 Fossil Ridge 3.03
4024 North LV Wash DB 2.44
4034 North Valley 1 3.63
4039 North Valley 2 3.9
4044 Castle Rock 3.47
4049 Tule Springs 3.55
4054 Lone Mtn at Hualapai 5.88
4059 Gowan Outfall 4.11
4069 Las Vegas Wash at 3.93
4074 Las Vegas Wash at 3.43
4094 Las Vegas Wash at 3- 3.23
4104 Nellis AFB North 3.42
4109 Nellis AFB South 2.88
4114 Sloan Channel at LV 3.46
4124 West Range Wash 1 3.78
4134 West Range Wash 2 3.75
4174 Sloan Channel at 4.33
4204 Summerlin West 8.34
4209 Summerlin NW 9.1
4214 Summerlin Parkway 4.34
4219 Angel Park DB 4.5
4224 Angel Park West 5.32
4229 Charleston at El 5.2
4234 Smoke Ranch at 4.29
4239 Carey/Lake Mead DB 3.08
4244 Rainbow at Oakey 4.05
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4249 Oakey DB 0.63
4254 Gowan Central DB 4.14
4259 Gowan South DB 0.55
4264 Las Vegas Creek at 4.17
4274 RFCD Offices 3.59
4284 Las Vegas Creek at 3.39
4304 Blue Diamond South 4.61
4314 Blue Diamond North 7.68
4324 Red Rock Canyon 10.09
4334 Upper Flamingo 1 5.51
4344 Red Rock Detention 5.95
4349 Upper Flamingo DB 3.98
4354 Summerlin SW 5.56
4359 The Lakes 4.84
4364 Flamingo Wash at 5
4374 Flamingo Wash at 4.37
4394 Flamingo Wash at 3.66
4454 Warm Springs at 3.99
4484 Tropicana Wash at 4.13
4604 Desert Tortoise 4.3
4614 Arden 3.98
4624 Duck Creek near 3.7
4634 Duck Creek at 3.93
4704 Sloan at 1-15 3.44
4734 Pittman Wash at 3.98
4739 UPRR Channel 0.04
4744 South Henderson 1 3.19
4764 Mission Hills DB 3.86
4774 Timet 3.11
4784 C-1 at Warm Springs 0.2
4789 East Henderson 2 4.17
4794 East Henderson 1 3.71
4854 Boulder City 2.08
4924 Goodsprings 1 5
4934 Goodsprings 2 8.55
4954 Jean Airport 5.17
4964 Jean SE 4.8
5004 Searchlight 7.68
5014 CalNevAri 4.63
5024 Searchlight SW 2.37
5224 Laughlin 1 6.66
5234 Laughlin 3 4.96
5244 Laughlin 2 2.88
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1996 Total
Normal Rainfall 4.13
Official NWS Record 2.76
Gauge IDGauge Name
2564 Mesquite 1 3.38
2574 Town Wash 3.83
2584 Mesquite Airport 3.47
2594 Town Wash DB 3.49
2664 Mesquite 2 3.98
2754 Bunkerville 3.52
3034 Halfway Wash 4.3
3044 Mormon Mesa 1 2.81
3064 Weiser Wash 1.43
3144 California Wash 3 1.66
3164 California Wash 1 4.42
3184 California Wash 2 2.25
3234 Wildcat Wash 2.76
3244 Mormon Mesa 2 3.03
3254 Overton Beach 2.6
3264 Moapa 3.24
3274 Logan Wash 3.27
3279 Mormon Mesa 2.84
3284 Silica Dome 3.2
3294 Overton Airport 1.86
3384 Meadow Valley Wash 2.37
4014 Fossil Ridge 2.32
4024 North LV Wash DB 1.15
4034 North Valley 1 3.98
4039 North Valley 2 2.9
4044 Castle Rock 2.1
4049 Tule Springs 2.36
4054 Lone Mtn at Hualapai 3.91
4059 Gowan Outfall 1.86
4069 Las Vegas Wash at 2.01
4074 Las Vegas Wash at 1.15
4094 Las Vegas Wash at 3- 2.03
4104 Nellis AFB North 1.51
4109 Nellis AFB South 1.59
4114 Sloan Channel at LV 1.58
4124 West Range Wash 1 2.4
4134 West Range Wash 2 2.76
4174 Sloan Channel at 1.39
4204 Summerlin West 3.62
4209 Summerlin NW 5.83
4214 Summerlin Parkway 2.51
4219 Angel Park DB 1.96
4224 Angel Park West 2.72
4229 Charleston at El 2.01
4234 Smoke Ranch at 2.47
4239 Carey/Lake Mead DB 0.24
4244 Rainbow at Oakey 1.93
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4249 Oakey DB 2.33
4254 Gowan Central DB 2.6
4259 Gowan South DB 2.83
4264 Las Vegas Creek at 1.39
4269 Lone Mtn DB 2.6
4274 RFCD Offices 1.5
4284 Las Vegas Creek at 1.27
4304 Blue Diamond South 3.31
4314 Blue Diamond North 3.82
4324 Red Rock Canyon 5.04
4334 Upper Flamingo 1 3
4344 Red Rock Detention 0
4349 Upper Flamingo DB 2.17
4354 Summerlin SW 0.6
4359 The Lakes 1.79
4364 Flamingo Wash at 1.9
4374 Flamingo Wash at 2.54
4379 VanBuskirk DB 1.38
4384 Dl SuperArterial 0.99
4394 Flamingo Wash at 1.18
4454 Warm Springs at 2.76
4484 Tropicana Wash at 1.27
4604 Desert Tortoise 1.26
4614 Arden 1.9
4624 Duck Creek near 0.6
4634 Duck Creek at 1.35
4704 Sloan at 1-15 2.33
4734 Pittman Wash at 3
4739 UPRR Channel 3.48
4744 South Henderson 1 1.9
4764 Mission Hills DB 1.43
4774 Timet 1.67
4784 C-1 at Warm Springs 1.66
4789 East Henderson 2 2.37
4794 East Henderson 1 1.7
4854 Boulder City 2.1
4924 Goodsprings 1 3.99
4934 Goodsprings 2 4.41
4954 Jean Airport 3.36
4964 Jean SE 5.03
5124 Searchlight 2.64
5134 CalNevAri 2.01
5144 Searchlight SW 3.51
5224 Laughlin 1 3.32
5234 Laughlin 3 2.34
5244 Laughlin 2 0.99
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1997 Total
Normal Rainfall 4.13
Official NWS Record 3.84
auge ID Gauge Name
2564 Mesquite 1 4.88
2574 Town Wash 4.13
2584 Mesquite Airport 3.24
2594 Town Wash DB 2.97
2664 Mesquite 2 4.96
2754 Bunkerville 4.07
3034 Halfway Wash 5.02
3044 Mormon Mesa 1 2.73
3064 Weiser Wash 3.78
3144 California Wash 3 3.71
3164 California Wash 1 5
3184 California Wash 2 3.23
3234 Wildcat Wash 4.02
3244 Mormon Mesa 2 2.1
3254 Overton Beach 1.86
3264 Moapa 3.91
3274 Logan Wash 3.11
3279 Mormon Mesa 2.57
3284 Silica Dome 2.25
3294 Overton Airport 2.08
3384 Meadow Valley Wash 4.33
4014 Fossil Ridge 3.82
4024 Upper LV Wash DB 0.16
4029 Kyle Canyon DB 3.59
4034 North Valley 1 2.57
4039 North Valley 2 3.51
4044 Castle Rock 3.74
4049 Tule Springs 5.79
4054 Lone Mtn at Hualapai 3.35
4059 Gowan Outfall 3.67
4069 Las Vegas Wash at 3.95
4074 Las Vegas Wash at 3.47
4094 Las Vegas Wash at 3- 5.52
4104 Nellis AFB North 3.86
4109 Nellis AFB South 4.53
4114 Sloan Channel at LV 3.27
4124 West Range Wash 1 3.62
4134 West Range Wash 2 3.51
4154 Confluence DB 3.7
4174 Sloan Channel at 3.66
4204 Summerlin West 4.18
4209 Summerlin NW 4.24
4214 Summerlin Parkway 4.41
4219 Angel Park DB 3.64
4224 Angel Park West 3.67
4229 Charleston at El 3.55
4234 Smoke Ranch at 3.74
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4239 Carey/Lake Mead DB 4.26
4244 Rainbow at Oakey 4.61
4249 Oakey DB 4.38
4254 Gowan Central DB 3.99
4259 Gowan South DB 4.45
4264 Las Vegas Creek at 4.21
4269 Lone Mtn DB 3.82
4274 RFCD Offices 2.77
4284 Las Vegas Creek at 4.53
4304 Blue Diamond South 5.22
4314 Blue Diamond North 4.66
4324 Red Rock Canyon 5.35
4334 Upper Flamingo 1 4.22
4344 Red Rock Detention 2.37
4349 Upper Flamingo DB 3.67
4359 The Lakes 4.26
4364 Flamingo Wash at 2.09
4374 Flamingo Wash at 3.74
4379 VanBuskirk DB 3.15
4384 Dl SuperArterial 0.4
4394 Flamingo Wash at 3.32
4454 Warm Springs at 3.52
4484 Tropicana Wash at 2.88
4614 Arden 3.79
4624 Duck Creek near 5.2
4634 Duck Creek at 1.84
4644 NWS Offices 2.61
4654 Desert Tortoise 4.33
4704 Sloan at 1-15 5.82
4734 Pittman Wash at 6.34
4739 UPRR Channel 5.17
4744 South Henderson 1 5.98
4754 Equestrian DB 4.14
4764 Mission Hills DB 6.06
4774 Timet 4.46
4784 C-1 at Warm Springs 6.19
4789 East Henderson 2 6.22
4794 East Henderson 1 5
4854 Boulder City 7.56
4924 Goodsprings 1 6.3
4934 Goodsprings 2 7.6
4954 Jean Airport 4.61
4964 Jean SE 1.62
5124 Searchlight 2.92
5134 CalNevAri 3.85
5144 Searchlight SW 4.7
5224 Laughlin 1 5.4
5234 Laughlin 3 1.46
5244 Laughlin 2 2.52
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1998 Total
Normal Rainfall 4.13
Official NWS Record 6.96
Gauge 1ID Gauge Name
2564 Mesquite 1 9.98
2574 Town Wash 9.09
2584 Mesquite Airport 7.48
2594 Town Wash DB 6.66
2664 Mesquite 2 10.54
2754 Bunkerville 11.5
3034 Halfway Wash 10.28
3044 Mormon Mesa 1 7.37
3064 Weiser Wash 8.87
3144 California Wash 3 6
3164 California Wash 1 6.26
3184 California Wash 2 8.98
3234 Wildcat Wash 7.25
3244 Mormon Mesa 2 6.31
3254 Overton Beach 5.6
3264 Moapa 6.26
3274 Logan Wash 4.14
3279 Mormon Mesa 6.23
3284 Silica Dome 6.86
3294 Overton Airport 5.51
3384 Meadow Valley Wash 6.82
4014 Fossil Ridge 6.36
4024 Upper LV Wash DB 0
4029 Kyle Canyon DB 4.06
4034 North Valley 1 5.84
4039 North Valley 2 7.34
4044 Castle Rock 8.24
4049 Tule Springs 6.95
4054 Lone Mtn at Hualapai 7.09
4059 Gowan Outfall 6.16
4069 Las Vegas Wash at 8.12
4074 Las Vegas Wash at 7.41
4094 Las Vegas Wash at 3- 4.46
4104 Nellis AFB North 6.9
4109 Nellis AFB South 6.76
4114 Sloan Channel at LV 8.63
4124 West Range Wash 1 9.14
4134 West Range Wash 2 8.87
4154 Confluence DB 8.73
4174 Sloan Channel at 8.53
4204 Summerlin West 7.95
4209 Summerlin NW 8.61
4214 Summerlin Parkway 7.75
4219 Angel Park DB 7.84
4224 Angel Park West 5.87
4229 Charleston at El 5.83
4234 Smoke Ranch at 5.99
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4239 Carey/Lake Mead DB 7.02
4244 Rainbow at Oakey 5.99
4249 Oakey DB 5.76
4254 Gowan Centrai DB 5.49
4259 Gowan South DB 7.73
4264 Las Vegas Creek at 6.04
4269 Lone Mtn DB 6.38
4274 RFCD Offices 5.8
4284 Las Vegas Creek at 8.68
4304 Blue Diamond South 5.99
4314 Blue Diamond North 8.39
4324 Red Rock Canyon 9.59
4334 Upper Flamingo 1 7.01
4344 Red Rock Detention 6.11
4349 Upper Flamingo DB 5.68
4359 The Lakes 7.11
4364 Flamingo Wash at 6.2
4374 Flamingo Wash at 9.29
4379 VanBuskirk DB 9.39
4384 Dl SuperArterial 5.97
4394 Flamingo Wash at 8.55
4454 Warm Springs at 7.88
4484 Tropicana Wash at 7.07
4614 Arden 5.67
4624 Duck Creek near 6.98
4634 Duck Creek at 7.15
4644 NWS Offices 7.37
4654 Desert Tortoise 5.68
4704 Sloan at 1-15 7.4
4734 Pittman Wash at 10.06
4739 UPRR Channel 8.52
4744 South Henderson 1 7.1
4754 Equestrian DB 4.19
4764 Mission Hills DB 5.24
4774 Timet 5.48
4784 C-1 at Warm Springs 5.68
4789 East Henderson 2 5.24
4794 East Henderson 1 4.34
4854 Boulder City 5.87
4924 Goodsprings 1 6.13
4934 Goodsprings 2 11.11
4954 Jean Airport 6.63
4964 Jean SE 9.2
5124 Searchlight 10.09
5134 CalNevAri 6.92
5144 Searchlight SW 8.08
5224 Laughlin 1 8.27
5234 Laughlin 3 8.22
5244 Laughlin 2 5.08
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1999 Total
Normal Rainfall 4.13
Official NWS Record 3.73
Gauge IDGauge Name
2564 Mesquite 1 2.57
2574 Town Wash 2.49
2584 Mesquite Airport 2.4
2594 Town Wash DB 2.29
2664 Mesquite 2 4.92
2754 Bunkerville 5
2784 Windmill Wash DB 0
3034 Halfway Wash 5.47
3044 Mormon Mesa 1 2.92
3064 Weiser Wash 2.09
3144 California Wash 3 1.65
3164 California Wash 1 2
3184 California Wash 2 1.02
3234 Wildcat Wash 2.01
3244 Mormon Mesa 2 2.95
3254 Overton Beach 1.93
3264 Moapa 1.97
3274 Logan Wash 1.54
3279 Mormon Mesa 1.85
3284 Silica Dome 1.78
3294 Overton Airport 1.22
3384 Meadow Valley Wash 1.77
4014 Fossil Ridge 2.81
4024 Upper LV Wash DB 0
4029 Kyle Canyon DB 2.64
4034 North Valley 1 1.86
4039 North Valley 2 2.53
4044 Castle Rock 2.1
4049 Tule Springs 2.26
4054 Lone Mtn at Hualapai 2.96
4059 Gowan Outfall 2.63
4064 Lower LV Wash DB 2.4
4069 Las Vegas Wash at 2.2
4074 Las Vegas Wash at 1.89
4089 Las Vegas Wash at 2.21
4094 Las Vegas Wash at 3- 2.61
4104 Nellis AFB North 1.97
4109 Nellis AFB South 2.09
4114 Sloan Channel at LV 1.93
4124 West Range Wash 1 1.7
4134 West Range Wash 2 2.79
4154 Confluence DB 1.85
4174 Sloan Channel at 2.83
4204 Summerlin West 4.69
4209 Summerlin NW 4.96
4214 Summerlin Parkway 3.71
4219 Angel Park DB 1.42
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4224 Angel Park West 3.12
4229 Charleston at El 2.92
4234 Smoke Ranch at 4.15
4239 Carey/Lake Mead DB 2.8
4244 Rainbow at Oakey 3.31
4249 Oakey DB 2.49
4254 Gowan Central DB 2.49
4259 Gowan South DB 2.53
4264 Las Vegas Creek at 2.84
4269 Lone Mtn DB 2.29
4274 RFCD Offices 3.11
4284 Las Vegas Creek at 2.56
4304 Blue Diamond South 4.14
4314 Blue Diamond North 6.66
4324 Red Rock Canyon 6.74
4334 Upper Flamingo 1 4.53
4344 Red Rock Detention 5.17
4349 Upper Flamingo DB 2.84
4359 The Lakes 2.72
4364 Flamingo Wash at 4.61
4369 Flamingo Wash at 5.6
4374 Flamingo Wash at 5.99
4379 VanBuskirk DB 4.61
4384 Dl SuperArterial 2.6
4394 Flamingo Wash at 2.72
4454 Warm Springs at 3.46
4474 Tropicana DB 0.24
4484 Tropicana Wash at 3.58
4614 Arden 4.61
4624 Duck Creek near 6.96
4634 Duck Creek at 3.66
4644 NWS Ofnces 3.74
4654 Desert Tortoise 2.92
4704 Sloan at 1-15 2.85
4734 Pittman Wash at 3.07
4739 UPRR Channel 1.41
4744 South Henderson 1 1.97
4754 Equestrian DB 2.91
4759 Pittman Park DB 0.35
4764 Mission Hills DB 2.32
4774 Timet 1.77
4784 C-1 at Warm Springs 3.19
4789 East Henderson 2 3.38
4794 East Henderson 1 3.15
4854 Boulder City 2.83
4924 Goodsprings 1 2.29
4934 Goodsprings 2 3.74
4954 Jean Airport 2.8
4964 Jean SE 7.13
5124 Searchlight 5.72
5134 CalNevAri 3.07
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5144 Searchlight SW 5.28
5224 Laughlin 1 2.37
5234 Laughlin 3 3.73
5244 Laughlin 2 1.94
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2000 Total
Normal Rainfall 4.13
Official NWS Record 3.47
Gauge IDI Gauge Name
2564 Mesquite 1 4.65
2574 Town Wash 4.17
2584 Mesquite Airport 3
2594 Town Wash DB 3.12
2664 Mesquite 2 5.69
2754 Bunkerville 4.88
2784 Windmill Wash DB 3.07
3034 Halfway Wash 6.26
3044 Mormon Mesa 1 4.54
3064 Weiser Wash 5.98
3144 California Wash 3 2.95
3164 California Wash 1 1.07
3184 California Wash 2 2.53
3234 Wildcat Wash 4.8
3244 Mormon Mesa 2 1.99
3254 Overton Beach 2.24
3264 _Moapa 4.64
3274 Logan Wash 2.2
3279 Mormon Mesa 2.84
3284 Silica Dome 2.63
3294 Overton Airport 2.28
3384 Meadow Valley Wash 4.85
4014 Fossil Ridge 3.27
4024 Upper LV Wash DB 3.27
4029 Kyle Canyon DB 2.87
4034 North Valley 1 3.78
4039 North Valley 2 3.9
4044 Castle Rock 2.79
4049 Tule Springs 3.93
4054 Lone Mtn at Hualapai 4.83
4059 Gowan Outfall 3.3
4064 Lower LV Wash DB 2.2
4069 Las Vegas Wash at 3.38
4074 Las Vegas Wash at 3.58
4079 Western Tributary of 3.26
4084 Las Vegas Wash at 2.65
4089 Las Vegas Wash at 2.16
4094 Las Vegas Wash at 3- 2.05
4104 Nellis AFB North 2.98
4109 Nellis AFB South 3.38
4114 Sloan Channel at LV 3.3
4124 West Range Wash 1 3.81
4134 West Range Wash 2 3.7
4154 Confluence DB 3.41
4174 Sloan Channel at 2.47
4184 Sunrise Landfill 1 1.83
4189 Sunrise Landfill 2 2.13
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4204 Summerlin West 4.53
4209 Summerlin NW 4.85
4214 Summerlin Parkway 3.78
4219 Angel Park DB 0.87
4224 Angel Park West 4.17
4229 Charleston at El 2.66
4234 Smoke Ranch at 2.75
4239 Carey/Lake Mead DB 2.68
4244 Rainbow at Oakey 2.43
4249 Oakey DB 2.37
4254 Gowan Central DB 3.18
4259 Gowan South DB 3.86
4264 Las Vegas Creek at 3.18
4269 Lone Mtn DB 4.8
4274 Downtown Las 1.81
4279 Gowan North 4.29
4284 Las Vegas Creek at 3.87
4304 Blue Diamond South 4.1
4314 Blue Diamond North 4.46
4324 Red Rock Canyon 5.4
4329 Brownstone Canyon 2
4334 Upper Flamingo 1 5.31
4344 Red Rock Detention 4.52
4349 Upper Flamingo DB 2.45
4359 The Lakes 1.5
4364 Flamingo Wash at 3.19
4369 Flamingo Wash at 2.8
4374 Flamingo Wash at 3.35
4379 VanBuskirk DB 2.92
4384 Dl SuperArterial 4.61
4394 Flamingo Wash at 3.04
4434 Beltway Channel at 2.13
4454 Warm Springs at 2.96
4474 Tropicana DB 2.8
4484 Tropicana Wash at 3.31
4544 Las Vegas Wash at 0.59
4614 Arden 4.22
4624 Duck Creek near 2.61
4634 Duck Creek at 2.72
4644 NWS Offices 3.42
4654 Desert Tortoise 4.69
4704 Sloan at 1-15 2.41
4734 Pittman Wash at 4.09
4739 UPRR Channel 2.02
4744 South Henderson 1 3.15
4749 Pittman Wash at 1.57
4754 Equestrian DB 1.7S
4759 Pittman Park DB 3.08
4764 Mission Hills DB 1.7
5634 Black Mtn DB 0.91
4774 Timet 2.48
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4784 C-1 at Warm Springs F 3.16
4789 East Henderson 2 2.59
4794 East Henderson 1 2.45
4799 East C-1 DB 0.94
4854 Boulder City 1.62
4924 Goodsprings1 4.21
4934 Goodsprings 2 4.69
4954 Jean Airport 1.93
4964 Jean SE 4.26
5124 Searchlight 3.27
5134 CalNevAri 4.56
5144 Searchlight SW 4.72
5224 Laughlin 1 5.07
5234 Laughlin 3 2.99
5244 Laughlin 2 2.04
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2001 Station Locations Total
Normal Rainfall 4.13
Official NWS Record 3.97
Gauge ID1 Gauge Name
2564 Mesquite 1 3.94
2574 Town Wash 4.71
2584 Mesquite Airport 3.94
2594 Town Wash DB 3.52
2664 Mesquite 2 4.32
2754 Bunkerville 5.82
2784 Windmill Wash DB 4.49
3034 Halfway Wash 4.97
3044 Mormon Mesa 1 4.11
3064 Weiser Wash 2.84
3144 California Wash 3 3.55
3164 California Wash 1 3.03
3184 California Wash 2 3.59
3234 Wildcat Wash 4.02
3244 Mormon Mesa 2 2.33
3254 Overton Beach 2.24
3264 Moapa 1.08
3274 Logan Wash 3.2
3279 Mormon Mesa 2.6
3284 Silica Dome 3.67
3294 Overton Airport 1.9
3384 Meadow Valley Wash 2.84
4014 Fossil Ridge 3.43
4024 Upper LV Wash DB 2.6
4029 Kyle Canyon DB 2.81
4034 North Valley 1 3.63
4039 North Valley 2 4.02
4044 Castle Rock 3.54
4049 Tule Springs 2.53
4054 Lone Mtn at Hualapai 3.77
4059 Gowan Outfall 3.08
4064 Lower LV Wash DB 2.68
4069 Las Vegas Wash at 3.52
4074 Las Vegas Wash at 3.62
4079 Western Tributary of 3.04
4084 Las Vegas Wash at 3.09
4089 Las Vegas Wash at 3.32
4094 Las Vegas Wash at 3- 3.75
4104 Nellfs AFB North 3.24
4109 Nellis AFB South 3.2
4114 Sloan Channel at LV 3.63
4119 Vandenberg 2.6
4124 West Range Wash 1 3.56
4134 West Range Wash 2 3.39
4154 Confluence DB 3.31
4174 Sloan Channel at 3.24
4184 Sunrise Landfill 1 3.59
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4189 Sunrise Landfill 2 3.36
4204 Summerlin West 4.36
4209 Summerlin NW 4.76
4214 Summerlin Parkway 5.2
4219 Angel Park DB 2.29
4224 Angel Park West 3.32
4229 Charleston at El 3.32
4234 Smoke Ranch at 3
4239 Carey/Lake Mead DB 2.88
4244 Rainbow at Oakey 2.84
4249 Oakey DB 3
4254 Gowan Central DB 3.59
4259 Gowan South DB 3.4
4264 Las Vegas Creek at 1.97
4269 Lone Mtn DB 3.51
4274 Downtown Las 3.67
4279 Gowan North 3.47
4284 Las Vegas Creek at 3.95
4304 Blue Diamond South 5.24
4309 Desert Inn Detention 0.6
4314 Blue Diamond North 6.18
4319 Beltway Channel at 0.24
4324 Red Rock Canyon 6.76
4329 Brownstone Canyon 5.98
4334 Upper Flamingo 1 3.91
4339 Beltway Channel at 0.76
4344 Red Rock Detention 3.55
4349 Upper Flamingo DB 3.27
4354 The Lakes 3.2
4359 The Lakes Detention 21.14
4364 Flamingo Wash at 3.71
4369 Flamingo Wash at 4.7
4374 Flamingo Wash at 4.02
4379 VanBuskirk DB 3.83
4384 Dl SuperArterial 3.47
4394 Flamingo Wash at 5.6
4414 Blue Diamond 0.4
4434 Beltway Channel at 4.31
4454 Warm Springs at 3.36
4474 Tropicana DB 3.24
4484 Tropicana Wash at 3.24
4544 Las Vegas Wash at 2.68
4614 Arden 4.3
4619 Lower Duck Creek 0.16
4624 Duck Creek near 4.34
4634 Duck Creek at 3.83
4644 NWS Offices 3.24
4654 Desert Tortoise Center 4.68
4684 Duck Creek at Patrick 1 0.67
4704 Sloan at 1-15 4.92
4724 Anthem DB 0.83
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4734 Pittman Wash at Wigw 4.65
4739 UPRR Channel 4.54
4744 South Henderson 1 5.51
4749 Pittman Wash at Steph 3.75
4754 Equestrian DB 3.32
4759 Pittman Park DB 3.15
4764 Mission Hills DB 4.26
5634 Black Mtn DB 4.69
4774 Timet 2.92
4784 C-1 at Warm Springs F 4.89
4789 East Henderson 2 4.8
4794 East Henderson 1 4.73
4799 East C-1 DB 4.42
4854 Boulder City 3.23
4924 Goodsprings 1 3.66
4934 Goodsprings 2 6.66
4954 Jean Airport 5.47
4964 Jean SE 8.98
5124 Searchlight 6.6
5134 CalNevAri 5.94
5144 Searchlight SW 9.49
5224 Laughlin 1 7.33
5234 Laughlin 3 5.99
5244 Laughlin 2 4.25
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